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INTRODUCTION 

Although  considerable  work  has  been  done  on  the  hypophysis 
of  elasmobranchs,  many  points  still  remain  concerning  which 
there  has  been  much  discussion  and  which  evidently  require 
further  investigation.  It  was  thou^t  that  an  intensive  study 
of  the  history  of  this  organ  in  one  form  might  be  of  value. 

The  embryos  used  are  from  the  collection  of  Dr.  R.  E.  Scam- 
mon  and  from  the  large  series  which  form  a  part  of  the  embryo- 

'  This  work  was  begun  while  at  the  University  of  Minnesota  and  completed  at 
Washington  UniveTsity  Medical  School. 
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.  logical  collection  of  the  Harvard  Medical  School.*  For  the  pup 
and  adult  stages  special  sections  and  dissections  were  made. 
The  difficulties  in  making  a  dissection  of  the  hypophysis  in  se- 
lachians have  been  noted  by  other  investigators.  In  the  present 
work,  it  was  possible  only  after  numerous  attempts  to  obtain 
a  dissection  showii^  the  ventral  lobes  connected  with  the  rest 
of  the  hypophys^.  Graphic  and  wax  reconstructions  of  differ- 
ent embryos  and  parts  of  the  adult  Squalus  were  made. 

LITERATURE 


The  literature  on  the  development  of  the  el<Mmobranch 
hypophysis  may  properly  be  divided  into  two  categories,  one  on 
the  embryology  and  the  other  on  the  adult  anatomy  and  his- 
tology of  this  organ.  Although  the  earlier  work  on  the  hypophy- 
sis in  elasmobranchs  concerned  its  adult  anatomy,  probably 
investigators  have  occupied  themselves  more  with  its  develop-  ' 
ment.  Some,  of  course,  have  given  attention  to  both  the 
adult  anatomy  and  the  development  in  the  same  paper  or  in 
a  series  of  articles. 

Mtiller  (71)  confirmed  Rathke's  earlier  observations  that 
the  hypophysis  is  developed  from  the  mouth.  In  Acanth'as 
vulgaris  and  other  selachians  he  found  that  it  was  composed  of 
a  principal  posterior  part  and  a  secondary  anterior  part.  He 
described  the  position  and  gave  measurements  of  the  size  of  the 
hypophysis  and  of  the  thickness  of  different  parts  of  the  wall  in 
an  Acanthias  embryo  30  mm.  long.  In  a  10  cm.  embryo  of 
Mustelus  he  described  the  tubular  masses  forming  the  hypophysis. 

Balfour  (74)  briefly  stated  that  the  hypophysis  is  an  out- 
pouching from  the  mouth.  In  1878  he  described  the  hypophysis 
as  being  somewhat  constricted  from  the  mouth  by  the  close  of 

*  Through  the  courtesy  of  the  late  Dr.  Charlea  S.  Minot  I  was  able  to  make  use 
of  the  extensive  Burard  Embryologioal  Collection  and  had  the  privileges  of  his 
laboratory  during  the  summer  of  1014.  I  also  wish  to  thank  Dr.  J.  S.  Kingsley 
and  others  of  the  South  Harpgwell  Laboratory  for  the  courtesies  ot  that  labora- 
tory for  a  part  of  the  aummer. 
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'Stage  K.'  Soon  after  this  its  terminal  part  dilates  and  the 
hypophysis  is  completely  constricted  from  the  mouth. 

Reichert  ('77)  in  a  description  of  some  cleared  embryos  of 
Acanthias  remarked  on  the  position  of  the  hypophysis  and  its 
relation  to  the  notochord.  He  opposed  the  theory  of  the  ecto- 
dermal origin  of  the  hypophysis  in  Acanthias. 

Rabl-Riickhard  ('80)  in  his  work  on  the  relations  of  the  noto- 
chord, confirmed  Miiller's  observations  concerning  the  hypophy- 
sis. He  stated  that  there  is  a  ventral  secondary  outpouch- 
ipg  from  the  hypophysis  in  a  60  mm.  Acanthias.  In  an  embryo 
corresponding  to  Stage  K  of  Balfour  he  has  perhaps  mistaken 
the  connection  between  the  premandibulai;  somites  for  the 
hypophysis.  This  seems  probable  from  the  position  as  well  as 
from  the  fact  that  he  found  no  connection  between  this  structure 
and  the  mouth  at  this  time. 

In  1888  Edinger  published  a  paper  on  the  comparative  anatomy 
of  the  forebrain.  He  stated  that  in  Torpedo  the  hypophysis 
is  at  first  a  simple  outpouching  of  the  mouth  which  later  develops 
secondary  outpouchings. 

Sedgwick  ('92)  in  his  work  on  Scyllium  and  Raia  made  the 
statement  that  the  first  rudiment  of  the  mouth  extends  into  the 
pituitary  body. 

Von  Kupflfer  ('94)  reviewed  the  literature  on  the  development 
of  the  hypophysis  and  gave  some  results  of  his  own  work.  He 
thought  that  the  hypophysis  is  not  derived  entirely  from  ecto- 
derm, and  his  observations  on  other  vertebrates  supported  his 
view  that  the  hypophysis  is  partly  of  entodermal  origin. 

Hoffmann  ('96)  described  the  early  stages  in  Acanthias  de- 
velopment. He  stated  that  the  hypophysis  develops  entirely 
from  ectoderm.  He  found  the  first  definite  outpouching  anterior 
to  the  buccopharyngeal  membrane  in  13  to  14  mm.  embryos. 
He  also  described  a  yellowish  pigment  in  the  buccopharyngeal 
membrane  which  could  still  be  seen  in  the  stalk  of  25  mm.  embryos. 

Ha'ler  ('96)  gave  an  account  of  the  development  of  the  hy- 
pophysis in  MusteluB.  He  described  the  position  of  the  organ  in 
a  22  mm.  embryo  and  called  attention  to  the  low  epithelium 
found  at  the  opening  of  the  hypophysis  into  the  mouth.     The 
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connection  with  the  moutii  is  soon  lost  and  in  a  90  nun.  stage 
the  whole  structure  has  come  into  closer  relation  with  the  brain 
floor  and  vascular  sac,  and  has  grown  forward.  The  roof  of  the 
hypophysis  has  become  thickened,  as  have  the  anterior  and 
posterior  ends.  From  the  floor  of  the  caudal  end  two  lateral 
outpouchings  have  developed  which  later  form  the  inferior  sacs. 
In  a  20  cm.  Mustelus  all  parts  of  the  hypophysis  are  quite  well 
developed.  A  vascular  layer  separates  ^e  roof  from  the  brain 
floor.  The  roof  of  the  inferior  sacs  become  thinner.  Haller 
also  described  the  interhypophyseal  canal  joinii^  the  inferior 
sacs  to  the  superior  part.  He  figured  glandular  outgrowths 
extending  forward  from  it.  From  the  floor  of  the  anterior 
sac  are  several  proloi^atione  extending  anteriorly  while  from  the 
roof  are  many  small  outpouchings.  The  extreme  anterior  end 
shows  many  mitotic  figures  and  is  broken  up  into  a  network 
by  many  capiDaries.  The  floor  at  the  cephalic  end  of  the  ante- 
rior lobe  is  very  thin — this,  Haller  stated,  is  where  the  hypophysis 
is  constricted  from  the  mouth  and  here  the  epithelium  has  re- 
mained of  a  low  cuboidal  type.  The  head  of  the  organ  is  com- 
posed of  many  closely-crowded  tubules.  These  develop  first  as 
solid  evaginations,  then  the  nuclei  separate  and  rearrange  them- 
selves, later  a  cleft  appears  in  the  protoplasm,  which  cleft  ulti- 
mately connects  with  the  main  lumen. 

Chiarugi  ('98)  briefly  considered  the  hypophysis  in  a  paper  on 
the  description  of  a  prehypophyseal  body  and  the  hypophyseal 
area  in  Torpedo  ocellata.  He  described  a  comiection  between 
the  premandibular  somites  and  the  hypophysis  and  figured  a 
median  sagittal  section  of  a  15  mm.  embryo  which  showed  a 
constriction  of  the  hypophysis  from  the  mouth. 

Nishikawa  {'99)  noted  that  the  hypophysis  is  present  as  a 
simple  outpouching  in  32  mm.  Chlamydoselachua  embryos. 
He  made  a  series  of  drawings  of  transverae  sections  which  show 
its  position  at  this  stage. 

Sewertzoff  ('99)  in  studying  the  development  of  the  selachian 
skull  took  Up  the  interrelation  of  development  of  the  skull  and 
brain.  The  trabeculae  and  parachordal  plates  in  Acanthias 
and  Pristiurus  are  almost  at  right  angles  to  each  other  in  early 
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st^es  (figs.  25  and  29).  Later  a  bend  in  the  medulla  and  a 
correspondiDg  one  in  the  parachordal  plate  changes  the  relation 
of  the  two  cartilages.  Also  the  forebrain  has  shifted  from  a 
position  ventral  to  the  medulla  to  a  more  dorsal  and  rostral 
one  (fig.  1).  SewertzofT  showed  the  change  in  position  of  the 
hypophysis  occurring  with  the  change  in  position  of  the  skull 
and  brain  (fig.  23). 

Rossi  ('02)  described  the  development  of  two  lateral  lobes  in 
Torpedo.  These,  he  stated,  develop  very  early  from  the  lateral 
walls  of  the  evagination  forming  the  hypophysis.  He  homolo- 
gized  the  different  portions  of  the  hypophysis  as  he  found  them 
with  those  described  by  Haller,  but  described  two  special  lateral 
lobes  which  he  stated  have  no  homologous  parts  in  Mustelus 
according  to  Haller's  description. 

Gentes  ('06,  '07)  found  a  close  relationship  between  the  vas- 
cular sac  and  the  underlying  hypophysis.  In  several  short 
reports  ('08)  he  described  the  lateral  lobes  and  the  development 
of  the  inferior  lobes  of  the  hypophysis.  These  two  parts,  he 
stated,  form  a  ventral  pituitary  body.  In  a  loiter  paper  this 
author  ('06)  gave  the  results  of  his  studies  on  the  development 
and  evolution  of  the  hypophysis  in  Torpedo.  He  described 
two  main  parts,  the  superior  and  inferior  sacs.  The  superior 
sac  is  further  divided  into  posterior  and  anterior  parts.  The 
hypophysis  begins  as  an  outpouching  which  in  45  mm.  embryos 
shows  a  beginning  of  its  division  into  the  two  main  sacs.  From 
the  posterior  part  of  the  superior  sac  many  cords  grow  dorsal- 
ward,  these  later  becoming  tubular.  Gentes  homologized  the 
superior  lobe  with  the  anterior  lobe  of  manmials.  The  lateral 
lobes  he  believed  persist  through  life. 

Ziegier  ('08}  in  a  series  of  figures  of  an  embryo  of  Chlamydo- 
selachus,  correspondii^  to  Balfour's  Stage  Ir-M,  showed  the 
hypophysis  as  an  upward  anterior-extending  evagination  from 
the  mouth.    The  connection  with  the  mouth  is  still  a  wide  canal. 

Johiwton  ('09)  described  the  hypophysis  in  Acanlhias  as  con- 
sisting of  a  short  anterior  portion  which  grows  toward  the  optic 
chiasma,  and  a  longer  posterior  lobe  directed  toward  the  vascular 
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Scammon  ('11)  in  the  normal  plate  series  has  figured  the 
hypophysis  in  several  of  the  younger  stupes.  He  described  a 
distinct  outpouching  in  7.5  mm.  embryos.  In  18  mm.  embryos 
a  constriction  of  the  anterior  part  of  the  hypophysis  from  the 
mouth  has  begun.  In  24  mm.  embryos  shallow  furrows  sepa- 
rate two  lateral  portions  from  a  median  portion  in  the  posterior 
part.  A  slight  lateral  constriction  separates  the  anterior  and 
posterior  lobeg. 

In  1912  Sterzi  described  the  development  of  the  hypophysis 
in  Acanthias.  He  noted  that  the  front  wall  of  the  outpouching 
becomes  dorsal  in  later  embryos.  A  rostral  lobe  develops  which 
is  in  part  anterior  to  the  stalk  connecting  the  hypophysis  to  the 
mouth.  Two  lateral  outpouchings  arise  which  later  form  the 
endocranial  portion.  The  dorsal  lobe  develops  at  the  superior 
end  of  the  early  outpouching.  An  early  differentiation  takes 
place  in  the  cells  of  the  dorsal  lobe.  Buds  grow  out  from  this 
thickened,  wall  and  form  epithelial  cords  between  which  are  blood 
vessels  and  nerve  fibers.  Differences  in  the  affinity  for  stains 
distinguish  the  rostral  (and  endocranial)  lobes  from  the  superior 
which  is  ihe  chromophobic  lobe  in  adults. 

S.  ATuUomy  and  histology 

Von  Michlucho-Maclay  ('68)  described  in  Acanthias  and  in 
Scymnus  a  persistent  connection  between  the  mouth  and  the 
hypophysis.  In  his  later  work  ('70)  this  investigator  failed  to 
find  such  a  connection  and  believed  his  former  observations  to 
be  incorrect. 

Mtiller  ('71)  found  in  later  embryos  and  adults  of  Acanthias 
that  the  ceils  forming  the  glandular  part  are  columnar  while 
those  toward  the  periphery  of  the  cords  and  tubules  are  spindle- 
shaped,  with  a  finely  granular  cytoplasm.  He  also  noted  the 
large  capillaries  and  the  connective  tissue  between  the  tubules. 

Viault  ('76)  briefly  described  the  hypophysis  in  Raia.  The 
hypophysis  is  surrounded  by  a  connective  tissue  sheath  which 
sends  strands  into  the  organ  carrying  large  capillaries  between 
the  convoluted  tubules.     These  tubules  are  0.015  to  0.007  mm. 
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in  diameter  and  usually  have  a  small  lumen.  They  are  composed 
of  cylindrical  cells.  The  tongue-like  anterior  end,  he  stated,  was 
of  similar  structure.  He  was  of  the  opinion  that  the  glandular 
portion  arose  from  the  mouth. 

Rohon  ('7_9)  described  act  hypophysis  composed  of  tubules  in 
selachians.  It  is  a  triangular  shaped  oi^au  with  a  long  tongue- 
like projection  which  extends  forward  almost  to  theoptic  chiasma. 
He  found  no  cavity  within  it.  In  Acanthias  and  Mustelus  the 
hypophysis  is  lai^er  than  in  Torpedo  and  Scyllium. 

Sanders  ('86)  studied  the  central  nervous  system  of  ScylUimi 
and  Acanthias.  He  stated  that  the  hypophysis  is  attached  to 
the  infundibulum  by  a  glandular  tube  which  hes  between  the 
inferior  lobes.  In  a  drawing  of  the  brain  of  Acanthias  (lateral 
view)  he  figured  the  hypophysis  as  lying  caudal  to  the  inferior 
lobes  of  the  mesencephalon. 

In  1892  Edinger  described  the  mid-brain  region.  In  Torpedo 
and  Scyllium  he  found  the  hypophysis  composed  of  tubules  and 
cords  of  epithelium,  among  which  are  many  blood  vessels.  He 
noted  nerve  fibers  extending  from  the  infundibular  region  ven- 
tralward  into  the  hypophysis. 

Haller  ('96)  described  in  detail  the  structure  of  the  hypophysis 
of  a  20  cm.  Mustelus.  He  stated  that  in  the  adult  the  glands 
of  the  head  (superior)  portion  are  tubular.  Secretion  and  cell 
detritus  are  found  in  the  lumiha.  He  also  described  an  opening 
in  the  base  of  the  anterior  lobe.  This  is  found  in  the  thin  portion 
of  the  floor  in  the  positioh  of  the  original  connection  with  the 
mouth,  and  connects  the  cavity  of  the  hypophysis  with  the 
subdural  space. 

Sterzi  ('04)  described  the  hypophysis  in  several  selachians. 
He  found  the  anterior  part  flattened  dorso-ventrally,  extending 
almost  to  the  optic  chiasma  and  containing  a  large  cavity. 
The  posterior  part  is  separated  from  the  remainder  by  con- 
nective tissue.  A  slender  canal  connects  this  to  the  anterior 
portion.  The  superior  part  is  formed  of  anastomosing  cords 
interlacing  with  sinusoids.  The  cords  are  formed  of  a  periph- 
eral layer  of  colunmar  cells  and  an  inner  mass  of  polyhedral 
ones.     The  nuclei  of  the  outer  zone  are  rich  in  chromatin.     The 


,d.y  Google 


398  E.   A.   BAUMGABTNEB 

polyhedral  cells  contain  small  spherical  nuclei.  The  cytoplasm 
is  granular  and  stains  deeply. 

Pettit  ('06)  made  a  study  of  the  hypophysis  in  Centroscymnus. 
He  mentioned  posterior,  median  and  anterior  parts,  all  com- 
municatii^.  He  found  ramifying  cords  or  tubules  surrounded 
by  sinusoids. 

Burckhardt  ('07,  '11)  in  his  work  on  the  central  nervous 
system  of  selachians  described,  incidentally,  the  hypophysis  in 
Scymnug.  He  recognized  a  terminal,  a  median  and  a  posterior 
lobe.  Apparently  he  included  under  his  division  of  median 
lobe,  the  caudal'  end  of  the  anterior  lobe  of  Sterzi,  or  it  may  be 
that  the  hypophysis  in  Scymnus  is  quite  different  from  that 
found  in  other  forms. 

Joris  ('08,  '09)  described  the  dorsal  lobe  in  Spinax  and  Mus- 
telus  as  formed  in  part  from  the  hypophyseal  evagination  and  in 
part  from  the  infundibulum.  The  cell  cords  arise  from  the 
hypophysis  while  neuroglia  and  nerve  fibres  from  the  infundib- 
ular region  grow  in  between  these. 

In  1909  Sterzi  in  his  comprehensive  work  on  the  central 
nervous  system  of  selachians,  gave  a  clear  description  of  the 
hypophysis.  According  to  this  description  the  hypophysis  is 
composed  of  perimeningeal  and  endocranial  parts.  The  peri- 
meningeal  portion  is  further  subdivided  into  a  dorsal  and  a 
rostral  lobe.  The  dorsal  lobe  has  many  columns  from  its  dorsal 
surface.  Among  these  are  numerous  capillaries.  The  rostral 
lobe  is  a  long  flattened  part  extendii^  abnost  to  the  optic  chiasma. 
The  endocranial  part  is  composed  of  two  sacs  connected  medially 
to  one  canal  which  leads  to  the  anterior  or  rostral  lobe.  The 
cords  and  tubules  of  the  dorsal  lobe  anastomose  forming  a  net- 
work in  which  is  a  rich  vascular  supply.  These  are  primarily 
attached  by  means  of  connective  tissue  to  the  base  of  the  brain 
or  vascular  sac.  The  structiu^  of  these  cords,  Sterzi  had  de- 
scribed before  ('04).  The  dorsal  lobe,  because  it  stained  so  U^tly 
he  termed  the  chromophobic  portion.  The  rostral  lobe  has 
tubules  extending  from  its  ventral  walls.  The  ventral  wall  has 
a  distinct  median  ventral  fiurow  and  the  tubules  of  either  side 
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remain  separated.  The  distal  ends  of  the  tubules  are  solid  and 
by  means  of  branches  anastomose  with  the  cords  of  the  other 
tubules.  The  arrangement  of  the  cells  here  is  the  same  as  that 
in  the  dorsal  lobe.  This  portion  stains  more  deeply,  the  capil- 
laries are  smaller  and  less  numerous.  The  endocranial  portion 
in  embryos  is  a  sac  with  folded  walls.  In  the  adult,  many 
tubules  and  cords  have  developed.  In  the  main  this  resembles 
the  rostral  portion  of  the  perimenii^eal  part. 

Tilney  {'11)  in  his  studies  on  the  comparative  histology  of  the 
hypophysis,  stated  that  in  Acanthias  there  is  a  distal  epithelial 
portion  made  up  of  parallel  cell  columns.  The  cells  are  deeply 
acidophilic  with  only  a  few  faintly-staining  acidophilic  ones 
present.  In  the  juxta-neural  part  the  cells  are  larger,  usually 
irregularly  disposed,  but  forming  some  acini.  However,  they 
take  the  basic  stains  very  markedly.  He  found  this  portion 
less  vascular  than  the  distal  part.  Tilney  has  homolopzed  the 
different  portions  of  the  hypophysis  in  the  various  vertebrate 
groups.  The  distal  epithelial  portion  of  selachians  corresponds 
to  the  intermediate  lobe  of  mammals. 

In  1913  Stendell  made  a  comparative  study  of  the  hypophysis. 
He  described  intermediate  and  rmun  lobes  in  Heptanchus.  In 
the  main  lobe  he  described  the  peripheral  cells  of  the  tubules 
as  of  an  acidophiUc  nature,  while  those  toward  the  center  are 
basophilic  or  neutral.  Stendell  has  homologized  the  parts 
found  in  the  hypophysis  of  selachians  with  those  in  the  higher 
forms  of  vertebrates.  His  homology  agrees  with  that  of  Tilney, 
i.e.,  the  intermediate  lobe  of  Heptanchus  is  homologous  with  the 
same  portion  in  the  higher  vertebrates,  being  in  Heptanchus 
very  large  and  becoming  smaller  in  the  higher  forms.  The 
ventral  sac  of  the  main  lobe  is  not  found  in  higher  forms. 

There  have  been  many  terms  used  in  the  descriptions  of  the 
different  parts  of  the  elaamobranch  hypophysis.  A  comparison 
with  figure  1,  which  is  a  drawing  of  a  model  of  the  hypophysis 
of  a  pup,  and  a  table  of  the  terms  employed  may  serve  to  explain 
the  terms  used  in  reviewing  the  hterature. 
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MORPHOLOGY  AND  MORPHOGENESIS 
1 .  Description  of  the  hypophysis  in  the  pup  stage 

A  description  of  the  hypophysis  in  the  pup  stage  may  make 
clear  the  different  parts  of  thU  organ.  The  formation  of  tubules 
has  begtm  and  the  mam  portions  or  lobes  are  welt  formed  at 
this  time. 

The  anterior  lobe  is  a  tongue-like  process  with  two  somewhat 
wider  extremities;, these  are  connected  by  a  more  slender  middle 
part  which  is  less  than  one-third  of  the  entire  length.  There  is 
a  deep  sulcus  in  the  median  ventral  wall  which  extends  from  about 
the  middle  of  the  posterior  extremity  to  near  the  end  of  the  ante- 
rior extremity  (fig.  1).  Several  other  more  or  less  regular  furrows 
occur  in  the  ventral  surface  of  the  anterior  extremity.  Two 
lateral  constrictions  separate  the  middle  portion  from  the  some- 
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what  more  dorsal  posterior  extremity.  These  extend  as  furrows 
posteriorly  from  the  lateral  dorsal  side  of  the  caudal  end  of 
the  middle  part  (fig.  25).  As  just  stated,  the  posterior  extremity 
is  somewhat  dorsal  to  the  other  parts  of  the  anterior  lobe  and  is 
directly  ventral  to  the  superior  lobe.  Two  deep  horizontal 
furrows  constrict  the  connection  between  the  posterior  extremity 
and  the  superior  lobe. 

The  superior  lobe  is  just  below  the  saccus  vasculosus  to  which 
it  is  closely  attached,  and  is  almost  three  times  as  wide  as  the 
posterior  extremity  of  the  anterior  lobe  (fig.  25).  Its  median 
part  is  about  as  long  as  the  posterior  extremity  of  the  anterior 
lobe,  but  projects  beyond  it  caudally  and  laterally.  The  caudal 
end  extends  somewhat  dorsally.  The  lateral  parts,  or  wings,  of 
the  superior  lobe  project  somewhat  upward  and  forward. 

The  inferior  sacs  extend  laterally  from  a  constricted  median 
connection.  They  are  much  smaller  than  the  wings  of  the 
superior  lobe,  but,  viewed  from  above,  ^ve  the  appearance  of 
two  lesser  caudal  wings.  From  their  median  connection  a  short 
slender  canal  extends  in  a  slightly  oblique  direction  upward  and 
forward  to  connect  with  the  anterior  lobe  {fig,  25). 

Fig.  2  Sagittal  section  of  the  hypophysia  of  an  8  mm.  embryo.  X  40  (H. 
E.C.  210).  H,  hypophysis!  ^i  iafundibulum;  Mo,  epithelium  of  mouth;  Mm, 
median  mass  connecting  the  premandibular  somites;  A^,  notochord;  Po,  post 
optic  groove. 

Fig.  3  Sagittal  section  of  the  hypophysis  of  a  15  nun.  embryo.  X  40  (H.E.C. 
228).     For  abbreviations,  see  figure  2. 

Fig.  4  Sagittal  section  of  the  hypophysis  of  a  19  mm.  embryo.  X  40  (H.E.C. 
138).    For  abbreviations,  see  figure  2, 

Kig.  5  Sagittal  section  of  the  hypophysis  of  a  22  mm.  embryo.  X  40  (H.E.C. 
231).  AL,  anterior  lobe;  Med,  median  connection  of  inferior  lobes;  SL,  superior 
lobe;  other  abbreviations  as  in  figure  2. 

Fig.  6  Sagittal  section  of  the  hypophysis  of  a  28  mm.  embryo.  X  40  (H.E.C. 
234).    St,  hypophyseal  stalk;  other  abbreviations  as  in  figure  5. 

Fig.  7  Sagittal  section  of  the  hypophysis  of  a  34  mm.  embryo.  X  40  (H.E.C. 
362).    For  abbreviations  see  figure  6. 

Fig.  8  Sagittal  section  of  the  hypophysis  of  a  40  mm.  embryo.  X  40  (H.E.C. 
370).     P,  parachordal  plate;  T,  trabeculae;  other  abbreviations  as  in  figure  5. 

Fig.  fi  Sagittal  section  of  the  hypophysis  of  a  50  mm.  embryo.  X  40  (H.E.C. 
444).     C,  interhypophyseal  canal;  for  other  abbreviations,  see  figure  8. 

Fig.  10  Sagittal  section  of  the  hypophysis  of  a  pup,  (reconstructed  from  trans- 
verse sections).    X  40.    For  abbreviations,  see  figure  8. 
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The  position  of  the  adult  hypophysis  has  been  described  by 
Sterzi  ('09)  and  others.  The  long  tongue-hke  anterior  lobe  Ues  on 
the  median  ventral  wall  of  the  inferior  lobes  of  the  brain.  Its  ante- 
rior end  extends  forward  almost  to  the  optic  chiasma.  The  supe- 
rior part  is  placed  posterior  to  this  and  in  a  more  dorsal  plane.  It 
extends  as  far  caudally  as  the  saccus  vasculosus.  The  inferior 
sacs  of  Squalus  do  not  extend  as  far  ventrally  as  has  been  de- 
scribed for  other  selachians.  But  they  are  ventral  to  the  superior 
lobe  and  extend  farther  caudalward  (fig.  10).  From  their  middle 
connection  a  slender  canal  joins  them  to  the  ventral  side  of  the 
caudal  end  of  the  anterior  lobe. 

2.  Early  development  of  the  hypophysis 
Recent  work  on  the  development  of  the  hypophysis  in  elasmo- 
branchs  shows  that  it  arises  at  an  earlier  period  than  was  formeriy 
beUeved.  Hoffmann  ('96)  stated  that  the  position  of  the  future 
hypophysis  \s  well  marked  in  Acanthias  embryos  of  15  somites 
but  that  there  is  no  indication  of  an  eva^ation  even  in  8  mm. 
(50  somites)  and  10  mm.  embryos.  Haller  ('96)  began  his  de- 
scription of  the  hypophysis  in  Mustelus  in  embryos  22  mm.  long. 
At  that  time,  the  hypophysis  is  already  a  distinct  outpouching. 
More  recently  Johnston  ('09)  briefly  described  the  earliest  for- 
mation of  the  hypophysis  in  Aeanthias.  In  an  embryo  of  24 
somites  the  ectoderm  from  which  the  hypophysis  develops  is 
readily  recognized.  He  stated  that  a  short  anterior  lobe,  de- 
veloping later,  extends  toward  the  optic  chiasma.  Also,  that  the 
posterior  part  crowds  between  the  brain  and  the  median  mass 
connecting  the  premandibular  somites.  Scammon  ('11)  men- 
tioned a  thickened  hypophyseal  plate  in  a  5.2  mm.  embryo  and 
a  beginning  evagination  in  a  6.2  mm.  embryo  (50-51  somites), 
A  median  sagittal  section  of  an  Acanthi^  embryo  8  mm.  in 
length'  is  shown  in  figure  2.  The  anterior  superior  end  is  par- 
tially insinuated  between  the  brain  and  the  median  mass  con- 
necting the  premandibular  somites,  as  had  been  noted  by  Johns- 
ton ('09)  in  about  the  same  stage.    During  the  time  that  the 

*  In  the  description  of  the  figures  11.  E.  C  has  reference  to  the  embryos  of 
the  Harr&rd  Embryological  Collection  uaed  for  this  study. 
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anterior  part  of  the  hypophyseal  eva^nation  is  growing  between 
the  brain  and  the  median  mass  connecting  the  premandibular 
somites,  the  posterior  portion  forms  a  more  or  less  prominent 
ridge  caudal  to  the  comiecting  mass  of  the  somites.  A  model 
of  such  an  embryo  shows  as  an  eva^ination,  the  end  of  which  is 
grooved  transversely  by  the  median  mass  connecting  the  pre- 
mandibular somites  (fig.  2).  This  groove  may  be  quite  promi- 
nent even  in  11  to  12  mm.  embryos  and  evidences  of  it  are 
usually  to  be  found  at  that  time. 

In  8  mm.  embryos  as  well  as  in  younger  ones  the  anterior  arm 
of  the  hypophyseal  outpouching  shows  differentiation  as  far 
forward  as  the  postoptic  recess  (fig.  2).  Scammon  ('11)  stated 
that  the  notochord  comes  into  contact  with  the  early  hypo- 
physeal outpouching,  and  Sterzi  ('12)  has  shown  such  a  contact 
in  Musteliis  of  8  mm.  (fig.  449).  No  such  contact  has  been 
observed  in  this  study  of  Acanthias. 

A  mid-st^pttal  section  of  a  15  mm.  embryo  shows  that  the 
superior  end  of  the  hypophysis  has  now  grown  well  between  the 
brain  and  the  median  mass  connecting  the  premandibular  somites. 
The  evagination  is  more  miarked  and  the  anterior  arm  is  longer 
than  in  younger  stages  (fig.  3). 

A  model  of  the  hypophysis  of  an  Acanthias  embryo  19  mm.  in 
length  is  shown  in  figure  11;  this  view  is  taken  from  the  left 
lateral  side.  The  hypophysis  at  this  stage  is  an  anteriorly  and 
dorsally  directed  outpouching,  concave  on  its  ventral  surface 
where  it  lies  in  close  relation  to  the  diencephalon  (fig.  18).  Its 
superior  anterior  end  extends  to  the  infundibular  recess.  The 
opening  from  the  pharynx  into  the  hypophysis  is  small.  A 
sagittal  section  at  about  the  median  line  (fig.  4)  shows  that  the 
thickened  anterior  (ventral)  wall  of  the  hypophysis  extends 
forward  as  far  as  the  postoptic  groove  as  Johnston  ('09)  has 
figured  it. 

Fig.  II  Left  lateral  view  of  a  reconstruction  of  the  hypophyaia  of  a  19  mm. 
embryo.    X  130.    Mo,  lining  of  mouth;  H,  hypophysis. 

Fig.  12  Left  lateral  view  of  a  reconat ruction  of  the  hypophysis  of  a  21  mm. 
embryo.  X  100.  a,  anlage  of  anterior  end  of  hypophysis;  H,  hypophysis;  IL, 
anlage  of  the  inferior  lobes;  Mo,  lining  of  mouth. 
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Several  changes  have  taken  place  in  the  hypophysis  of  a  21  mm. 
embryo.  It  is  still  concave,  both  laterally  and  dorso-ventrally 
in  its  ventro-anterior  surface  (fig.  12).  The  thickened  anterior 
wall  of  the  hypophysis,  reaching  almost  to  the  preoptic  groove, 
is  now  distinctly  evaginated.  Scammon  ('11)  mentioned  this 
closing  off  of  the  anterior  part  in  a  20.6  nam.  embryo  and  Sterzi 
('12)  described  the  formation  of  this  'rostral  diverticulum' 
in  20  to  24  mm.  embryos.  The  lateral  side  of  the  anterior  out- 
pouching is  sharply  demarcated  by  the  formation  of  the  stalk 
connecting  the  hypophysis  to  the  mouth  (fig.  19).  The  anterior 
endatthis  stage  is  almost  half  as  wide  as  the  posterior,  from  which 
most  of  the  hypophysis  is  developed.  The  opening  from  the 
mouth  into  the  early  anlage  is  located  as  before,  but  is  smaller 
now.  A  view  of  a  model  from  the  oral  side  shows  that  the  con- 
striction of  the  front  and  lateral  sides  of  the  anterior  end  of  the 
anterior  lobe  has  begun. 

In  a  22  mm.  embryo  the  hypophysis  {fig.  13)  is  not  as  concave 
as  in  younger  stages.  The  anterior  part  shows  laterally  more 
marked  constriction  from  the  stalk  which  connects  it  to  the  buc- 
cal cavity.  The  anterior  end  is  also  markedly  constricted.  The 
opening  into  the  hypophysis  extends  now  from  this  anterior 
constriction  to  the  posterior  (caudal)  margin  of  the  opening  into 
the  first  outpouching.  The  opening  into  the  first  evagination 
is  very  small  and  connects  the  pouch  with  the  stalk  (fig.  5). 
The  posterior  end  is  wider  transversely  than  before.  On  its 
dorso-lateral  surfaces  are  small  ridges  (fig.  13),  the  anla^en  of 
the  inferior  sacs.  On  the  ventral  surface  of  the  posterior  part 
are  two  s%ht  lateral  furrows  which  are  beginning  to  separate 
the  inferior  sacs  from  Rathke's  pouch  (fig.  20).  These  furrows 
are  present  in  a  20.6  mm,  embryo,  as  Scammon  ('11)  stated. 
The  lateral  pouches  or  inferior  sacs  appear  as  dilated  cavities 
at  either  side.  The  grooves  or  furrows  are  as  yet  shallow  and 
indistinct.  In  an  18  mm.  embryo,  Scammon  {'11)  noted 
the  beginning  of  the  division,  by  slight  furrows,  of  the  posterior 
portion  into  a  median  and  two  lateral  parts.  Some  embryos  do 
indicate  the  beginning  division  of  the  inferior  sacs  about  that 
time  but  the  furrows  are  not  as  prominent  as  the  dilated  cavities. 


,d.y  Google 


DEVELOPMENT  OF  THE  HTPOPHTSIS 


F^.  13  Left  lateisl  view  of  a  reconHtruction  of  the  hypophysis  of  a  22  mm. 
embryo.    X  100.    For  abbreviations,  see  figure  12. 

In  a  model  of  a  28  mm.  embryo  (fig.  14)  the  entire  anterior 
portion  is  well  closed  off.  It  extends  anterioriy  almost  to  the 
postoptic  recess.  From  its  caudal  surface  a  slender  stalk  con- 
nects the  hypophysis  with  the  mouth  (fig.  6).  The  ventral 
end  of  the  anterior  lobe  is  somewhat  wider  than  the  mid  part 
which  connects  it  with  the  very  much  wider  posterior  portion  or 
Rathke's  pouch  (fig.  21).  Distinct  furrows  on  the  anterior 
(ventral)  side  partially  separate  the  lateral  anlagen  of  the  inferior 
sacs  from  the  original  Rathke's  pouch.  A  slight  ridge  on  the 
caudal  (superior)  surface  joins  the  two  inferior  sacs  (fig.  14). 
In  a  median  sa^ttal  section  (fig.  6)  a  shallow  groove  niarl»  the 
connection  between  them.  This  connection  is  dorsal  (caudal) 
to  the  stalk  joining  the  hypophysis  to  the  mouth.  On  the  lateral 
dorsal  surface  at  the  posterior  end  of  Rathke's  pouch  two  very 
slight  outpouchings  indicate  the  position  of  the  developing 
superior  lobe  (fig.  14). 
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Kig.  14  Left  lateral  view  of  a  recunstructioD  of  the  hypophysis  of  a  28  mm. 
embryo.  X  100.  a,  p,  anterior  and  posterior  extremities  of  anterior  lobe; 
IL,  interior  lobe;  m,  middle  part  of  anterior  lobe;. Vo,  wall  of  mouth  ;S(,  hypophys- 
eal atalk;  SL,  aolage  of  superior  lobe. 

3.  Later  development  of  the  hypophysis 

All  the  main  outpouchings  of  the  hypophysis  are  present  in 
the  28  mm.  embryo.  The  inferior  lobes  are  quite  prominently 
marked  off,  the  anterior  lobe  shows  two  widened  extremities 
and  the  superior  lobe  has  just  begun  to  evaginate.  The  anterior 
end  of  the  hypophysis  in  a  33  mm.  embryo  is  curved  slightly 
forward.  The  anterior  lobe  is  not  so  markedly  concave  antero- 
posteriorly  as  in  earlier  stages  (fig.  7).  The  ventral  (anterior) 
furrows  separating  the  inferior  lobes  from  the  posterior  medial 
portion,  are  now  quite  deep  (fig.  15).  On  the  caudal  side  a  dis- 
tinct ridge  extending  between  the  inferior  lobes  indicates  their 
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F^.  15  Left  lateral  view  of  reconstructian  of  the  hypophysis  of  a  33  mm, 
embryo.    X  100,    For  abbreviations,  see  figure  14, 

early  connection  with  each  other.  On  the  posterior  tip  of  the 
hypophysis  two  lateral  grooves  mark  the  beginning  constriction 
of  the  superior  lobe  (fig.  22),  the  outpouching  of  which  was 
seen  in  the  previous  stage.  The  stalk  connecting  the  hypophysis 
to  the  pharynx  is  smaller  than  in  earlier  stages. 

The  anterior  lobe  of  the  hypophysis,  particularly  its  anterior 
part,  has  increased  in  length  in  a  40  mm.  embryo.  The  stalk 
joining  the  hypophysis  with  the  mouth  has  disappeared,  with 
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Fig.  16  Left  lateral  view  of  a  reconstruct  ion  of  the  hypophysis  of  a  48  mm. 
embryo.    X  100.    For  abbreviations,  see  figure  14. 

the  exception  of  a  cone-shaped  mass  of  cells  connected  with  the 
oral  epithelium,  and  an  irregular  area  in  the  floor  of  the  hypophy- 
sis which  represents  the  remains  of  the  former  attachment 
(fig.  8),  The  fm-row  uniting  the  two  inferior  lobes  across  the 
middle  line  is  more  marked,  and  the  superior  lobe  also  is  promi- 
nent. The  anterior  end  of  the  hypophysis  now  extends  forward 
and  downward.  The  straightening  out  of  the  head  bend  in  the 
development  of  the  embryo  has  probably  helped  to  bring  about 
this  change. 

More  marked  changes  have  taken  place  in  a  48  mm.  embryo 
(fig.  16).  The  anterior  end  of  the  anterior  lobe  is  wider  than  in 
earher  stages.  A  short  and  narrow  middle  part  connects  this 
portion  with  the  caudal  extremity  which  is  considerably  wider 
(fig.  23).  The  inferior  lobes  are  attached  to  the,  now,  ventral 
(caudal)  side  of  this  part.  The  ridge  connecting  the  two  infe- 
rior lobes  has  become  very  pronounced  but  still  opens  widely  into 
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the  anterior  lobe  (fig.  16).  The  furrows  separating  the  inferior 
lobes  from  the  anterior  are  much  deeper  and  wider.  The  in- 
ferior lobes  have  enlarged  in  their  dorso-ventral  and  in  their 
transverse  diameters,  and  they  extend  laterally  beyond  the  pos- 
terior extremity  of  the  anterior  lobe.  Marked  development 
has  taken  place  in  the  superior  lobe.  The  lateral  furrows  sepa- 
rating it  from  the  anterior  one  are  deeper,  and  the  cranio-caudal 
length  of  the  lobe  has  increased  so  that  there  is  a  projection  cau- 
dally  beyond  the  anterior  lobe.  The  antero-lateral  ends  of  the 
superior  lobe  have  grown  forward. 

The  median  connection  of  the  inferior  lobes  is  constricted  from 
the  posterior  (ventral)  part  of  the  anterior  lobe  in  a  50  mm. 
embryo.  The  inferior  lobes  are  directly  ventral  to  the  superior 
lobe.  There  remains  a  short  slender  tube  in  the  mid-line  con- 
necting the  inferior  lobes  to  the  anterior  (fig.  9).  The  duct 
connecting  them  to  the  anterior  lobe  extends  almost  straight 
anteriorly. 

A  median  sagittal  section  of  an  86  mm.  embryo  (fig.  27,  G) 
shows  an  increase  in  the  length  of  the  hypophysis.  The  inferior 
lobes  lie  more  caudally  and  the  duct  joining  them  to  the  anterior 
lobe  is  longer. 

In  a  95  nun.  embryo  the  anterior  lobe  has  increased  greatly 
in  length  (fig.  17).  A  median  ventral  sulcus  has  appeared  and 
the  anterior  third  of  this  lobe  is  quite  wide.  A  middle  narrow 
portion,  almost  circular  in  cross  section,  connects  the  anterior 
extremity  to  a  wider  posterior  end  (fig.  24).  The  caudal  extrem- 
ity is  connected  dorsally  with  the  superior  lobe.  The  inferior 
lobes  are  continuous  across  the  median  line.  The  connection 
between  the  inferior  lobes  and  the  anterior  one  is  a  small  tube 
which  extends  almost  straight  forward  to  join  the  inferior  sur- 
face of  the  caudal  end  of  the  anterior  lobe  just  below  where  this 
opens  into  the  superior  one  (fig,  10).  The  inferior  lobes  have 
enlarged  in  their  cranio-caudal  axis.  The  lateral  parts  of  the 
superior  lobe  have  increased  in  their  cranio-caudal  diameters 
and  extend  forward  beyond  the  median  part".  The  latter  has 
grown  caudalward  and  lies  just  dorsal  to  the  tube  joining  the 
inferior  and  anterior  lobes. 
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4.  The  hypophysis  of  the  aduU 

A  detailed  description  of  the  pup  stage  has  been  given  (p.  400) 
as  typical  of  the  morphology  of  the  adult  condition  (fig.  1). 
A  drawing  of  a  dissection  of  the  hypophysis  of  an  adult  will 
show  the  position  and  relation  of  some  of  the  parts  more  clearly 
(fig.  26).  The  anterior  end  extends  almost  to  the  optic  chiaama, 
as  noted  by  Sterzi  and  others.  From  a  study  of  the  models  of 
the  'pup'  stage  and  of  sections  of  adults  it  appears  that  the 
middle  part  of  the  anterior  lobe  is  more  than  a  mere  constriction 
separating  a  larger  rostral  from  a  smaller  caudal  part  as  Sterzi 
('09)  described.  In  the  pup  this  middle  part  is  only  a  little 
shorter  than  either  extremity,  while  in  the  adults  it  is  much 
shorter.  It  is,  however,  distinctly  marked.  In  some  cases 
there  are  cystic  outgrowths  from  the  floor  of  this  part;  in  others 
the  walls  and  floor  are  quite  regular  and  therefore  are  distinctly 
different  from  either  extremity.  The  middle  part  is  smaller 
than  either  extremity  in  its  dorso-ventral  and  lateral  diameters 
in  pups  (figs.  24,  25)  and  in  adults,  but  the  changes  in  diameter 
from  either  end  to  the  middle  part  in  adults  takes  place  gradually 
and  the  parts  are  not  so  definitely  marked,  except  in  those  cases 
in  which  no  glandular  outgrowths  occur  from  the  middle  region 
which  is  much  more  prominent  in  sections  and  in  wax  reconstruc- 
tions than  is  shown  in  dissections.  The  superior  lobe  projects 
some  distance  laterally  on  the  ventral  side  of  the  vascular  sac. 
It  is  difficult  to  make  out  the  lateral  limits  of  this  part  in  the 
dissected  specimen,  as  it  seems  to  be  continuous  with  the  ventral 
surface  of  the  vascular  sac  (fig.  26).  In  transverse  sections, 
however,  the  lateral  extent  of  the  wii^  of  the  superior  lobe  is 
clear.  The  superior  lobe  is  convex  dorsally  and  closely  at- 
tached to  the  saccus  vasculosus.  The  latter  dips  down  on  either 
side  of  the  caudal  end  of  the  anterior  lobe  and  so  partially  sepa- 
rates the  lateral  wings  of  the  superior  from  the  anterior  lobe. 

The  inferior  lobes  no  longer  resemble  the  sac-hke  structures 
wi^  cystic  outpouchings  of  the  pup  stage.  Both  superior  and 
inferior  walls  have  developed  a  mass  of  tubular-like  glands.  None 
of  these  was  observed  extending  cranialward,  as  described  by 
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Figs.  18-20    Antero-vpntral   views   of   the   reconatructtoDa   shown   i 
1  to  13.    Figure  18,  X  50;  figures  19,  20,  X  40. 
Figs.  21-23    Anterior  views  of  the  recoDstructioD  shown  iii  figures 


Figs.  24-25    Ventral  v 
Figure  S4,  X  40;  figure  21 


B  of  the  reconslructiooa  abowa  iu  figures  17  and  1. 
;  25.    For  abbreviations,  see  figure  1. 
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Fig.  26  DrawiDg  of  a  diHsection  of  the  hypophysis  of  an  adult  Acanthias  from 
ventral  side.  X  20.  AL,  anterior  lobe;  B,  inferior  lobes  of  the  brain;  C,  inter- 
hypophyseal  cajial;  IL,  inferior  lobes  of  the  hypophysis;  SL,  superior  lobe  of  the 
hypophysis;  VS,  vascular  aac. 

Haller  in  Mustelus.  From  their  median  connection  a  long  slender 
tube  extends  to  the  caudal  end  of  the  floor  of  the  anterior  lobe. 
As  Been  in  figure  26,  the  median  comiecting  portion  of  the  infe- 
rior lobes  may  be  large.  In  some  specimens  this  part,  as  well  as 
the  lobes,  shows  a  mass  of  tubules.  The  caudal  ends  of  the 
inferior  lobes  are  surrounded  by  cartilage. 

The  shifting  of  the  hyppphysis  with  reference  to  its  position 
in  the  body  and  the  development  of  different  parts  is  brought 
out  very  clearly  in  figure  27.     Sewertzoff  ('99),  in  his  studies 
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on  the  development  of  the  skull,  made  use  of  such  a  figure  to 
show  the  interrelation  of  development  of  the  brain  and  skull. 
He  made  an  outline  drawing  of  the  skull  and  brain  of  an  embryo, 
choosing  an  arbitrary  magnification.  He  then  made  drawii^s 
of  different  sized  embryos  of  such  a  magnification  that  points, 
corresponding  to  two  arbitrarily  chosen  in  the  first  drawii^, 
would  coincide.  In  figure  27  of  this  paper,  the  same  scheme  was 
adopted.  The  magnification  of  the  first  drawing  was  such  as  to 
avoid  as  much  as  possible  the  confusion  of  lines.  The  points 
chosen  were  the  extreme  anterior  end  of  the  notochord  and  the 
axis  of  the  notochord  at  the  level  of  the  first  spino-occipital  nerve. 
All  the  other  drawings  were  then  made  so  that  these  two  points — 
the  extreme  anterior  end  of  the  notochord  and  the  axis  of  the 
notochord  at  the  level  of  the  first  spino-occipital  nerve — should 
coincide  with  those  of  the  first  drawing.  The  outlines  of  the 
hypophysis  were  then  drawn,  using  a  line  between  the  two  points 
as  a  base. 

The  objections  to  such  a  drawing  are  readily  apparent.  There 
are,  of  course,  individual  variations  in  the  embryos.  Also, 
these  points  are  probably  continually  changii^  during  develop- 
ment. For  a  comparative  study,  however,  the  variations  can 
be  no  great  objection  and  the  points  chosen  are  probably  as  relia- 
ble as  any.  A  series  of  embryos  from  11.5  mm.  in  lei^h  to 
the  pup  were  drawn  in  this  manner  (fig.  27).  One  can  see  at  a 
glance  in  all  these  stages  the  relative  position  of  the  hypophysis 
with  reference  to  the  anterior  end  of  the  notochord.  Also, 
as  was  pointed  out  in  the  description  of  the  different  embryos, 
what  is  first  the  dorsal  wall  becomes  in  later  stages  the  ventral, 
while  the  ventral  or  anterior  becomes  dorsal.  The  early  superior 
end  of  the  eva^ation  shifts  more  and  more  caudatward  with 
reference  to  the  rest  of  the  hypophysis,  until,  in  the  pup,  the 
superior  lobe,  which  develops  from  the  superior  dorsal  end,  is 
caudal  in  position.  The  inferior  lobes,  which  develop  from  the 
sides  of  the  superior  end  and  are  on  the  same  horizontal  plane 
as  the  superior  position,  take  a  position  ventral  to  the  superior 
lobe  in  the  late  embryo  and  adult.  The  fiurows  separating  these 
inferior  lobes,  described  as  appearing  in  the  20  to  22  mm.  embryos 
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on  the  ventral  (anterior)  side  of  the  hypophysis,  are  later  (50 
mm.  embryos)  on  the  dorsal  side.  The  anterior  lobe,  first 
directed  almost  vertically,  grows  ventrally  and  later  extends 
more  and  more  anteriorly  until  it  is  directed  horizontally  (cranio- 
caudally). 

The  comparative  growth  of  the  different  portions  is  aUo  made 
clear.  The  anterior  lobe  comprises  all  of  the  original  outpouch- 
ing and  also  the  anterior  toi^ue  which  evaginates  later.  The 
increase  in  lei^h  of  the  anterior  lobe,  particularly  its  anterior 
extremity,  is  marked.  The  inferior  lobes,  developing  from  the 
ades  of  the  posterior  portion  of  the  early  eva^ation,  become 
continuous  across  the  posterior  side  (34  mm.  embryos)  and  finally 
constrict  entirely  except  for  a  short  duct  connected  with  the 
anterior  lobe.  The  inferior  lobes  increase  greatly  in  size,  but, 
in  the  adult,  are  largest  transversely.  The  superior  lobe,  de- 
veloped from  the  superior  dorsal  part,  spreads  far  out  trans- 
versely and  later  enlarges  in  its  dorso-ventral  axis. 

The  posterior  extremity  of  the  anterior  lobe  is  then  developed 
from  the  first  outpouching.  A  little  later  (21  mm.)  the  part 
anterior  or  ventral  to  the  ori^nal  outgrowth  evaginates,  formiug 
largely  the  middle  narrower  portion  of  the  anterior  lobe.  The 
anterior  extremity  of  the  anterior  lobe  develops  at  the  extreme 
anterior  (ventral)  end  of  this.  The  stalk  cormecting  the  hypophy- 
sis with  the  mouth  is  attached  to  the  middle  narrower  portion. 
The  connection  between  the  inferior  lobes  develops  caudal 
(dorsal)  to  this  but  arises  from  a  part  which  later  becomes 
the  floor  of  the  posterior  extremity  of  the  anterior  lobe.  From 
this  description  it  is  seen  that  the  inferior  lobes,  developing  from 
the  posterior  end  of  the  hypophyseal  anlage,  and  the  superior 
lobe,  from  its  extreme  dorsal  (anterior)  end,  are  derived  from  a 
part  of  the  anterior  lobe.  Such  an  explanation  of  the  develop- 
ment of  the  parts  is  well  home  out  by  a  study  of  the  models  as 
well  as  of  the  various  sections  of  embryos. 

In  comparing  figures  6,  7  and  8  it  is  seen  that  the  hypophyseal 
stalk  in  a  40  mm.  embryo  is  attached  nearer  the  caudal  end  of 
the  hypophysis  than  it  is  in  younger  ones.  This  does  not  agree 
with  what  Haller  has  described  for  Mustelxis  when  he  found  the 
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place  of  attachment  of  the  hypophyseal  stalk  near  the  anterior 
end.  In  a  90  mm.  Mustelus  this  place  of  attachment  can  be 
recognized  by  the  very  thin  floor,  and  in  the  adult,  by  the  open- 
ing into  the  subdural  space  (Hailer  '96,  figs.  12  and  40). 

The  cavity  in  the  hypophysis  of  elasmobranchs  has  been  vari- 
ously described  as  barely  distinguishable,  sUt-like  and  large.  It 
is  la^e  in  some  adult  specimens  of  Acanthias.  In  the  anterior 
lobe  there  is  a  distinct  increase  in  the  size  of  the  cavity  during 
its  development.  Table  2  will  show  the  actual  increase  in  the 
depth  of  the  cavity.  The  measurements  here  given  were  taken 
in  the  caudal  part  of  the  anterior  extremity  of  the  anterior  lobe. 


TABLES 

Showing  depth  of  the  kypophyteal  c 

wHy 

.,„-.. 

THIOIMBH 

or  Boor  IN 

■"m^'" 

TBlCIWra*  or  FI.OOB 

Embryo  34  nun 

60  mm. 

31 
31 
36 
56 

56 

37 
13 
12 
90 

470 

25 
18 

outgrowths 

480  including  glandular 

outgrowths 

The  increase  in  size  of  the  lumen  from  the  pup  to  the  adult 
is  thus  seen  to  be  considerable.  From  the  table  and  from  com- 
parison with  figures  2  to  10  it  is  seen  that  the  increase  in  size  of 
the  lumen  is  not  gradual  through  all  the  stages.  For  example, 
in  the  50  mm.  embryo  the  lumen  is  actually  smaller  than  in  a 
34  mm.  embryo.  It  is  only  from  the  early  pup  stage  on  that  the 
lumen  increases  to  any  considerable  degree.  The  increase  in 
size  of  the  lumen  of  the  inferior  lobes  is  even  more  marked.  The 
cavity  in  the  superior  lobe  is  never  lai^e.  It  is  very  small  in  a 
48  mm.  embryo  where  the  lateral  wings  are  first  prominent. 
In  a  95  mm.  embryo  this  cavity  is  small,  but  is  still  distinct. 
The  lumen  of  the  middle  portion  of  the  superior  lobe  extends 
transversely  and  forward  in  the  lateral  wings  of  the  superior 
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lobe  in  pups.  There  is  no  evidence  at  any  time  of  an  extension 
of  the  lumen  into  any  of  the  glandular  colunms  of  this  part.  In 
the  adult  all  trace  of  a  central  cavity  has  disappeared,  unless  the 
small  secretion  spaces,  to  be  described  later,  are  remains  of  the 
original  lumen.  Occasionally  there  is  a  more  or  less  prominent 
median  dorsal  extension  of  the  cavity  of  the  anterior  into  the 
superior  lobe.  In  a  very  few  cases  this  dorsally-extending  cavity 
is  continuous  with  a  secretion  space  lying  laterally. 

Table  3  shows  the  increase  in  size  of  the  hypophysis;  also, 
the  length  of  the  hypophysis  at  the  median  line,  the  greatest 
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width  of  the  anterior  extremity  of  the  anterior  lobe,  and  the 
greatest  width  of  the  superior  lobe.  The  table  shows  there  has 
been  a  constant  increase  in  length  which  is  rather  more  rapid 
in  earlier  stages.  The  increase  in  width  of  the  superior  lobe  is 
a  gradual  one  in  the  beginning.  The  anterior  lobe,  however, 
grows  very  little  at  first.  This  part  doubles  in  width  in  its 
growth  between  the  22  mm.  and  the  pup  stages.  It  almost 
doubles  again  in  its  later  growth. 

From  a  brief  study  of  a  few  Torpedo  embryos,  I  am  inclined 
to  believe,  with  Sterzi,  that  the  lateral  lobes,  described  in  this 
form  by  Gentes  ('08)  and  others,  are  comparable  with  the  infe- 
rior lobes  of  Acanthias.  The  embryos  examined  show  no  pre- 
hypophyseal  body  such  as  Chiarugi  ('98)  described  in  this 
genus,  nor  is  there  anything  comparable  to  the  prehypophyseal 
body  found  in  the  embryos  or  adults  of  Acanthias. 
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HISTOLOGY  AND  HISTOGENESIS 

1 .  Histology  of  the  adult  hypophysis 

a.  Anterior  lobe.  The  deep  median  sulcus  in  the  floor  of  the 
anterior  lobe  has  been  noted  above.  It  has  been  observed  by 
Sterzi  and  others  in  various  selachians.     The  furrows  noted  in 

'  the  floor  of  the  anterior  extremity  in  the  pup  are  evidence  of 
the  beginning  formation  of  tubules.  Haller  observed  the  tub- 
ules on  the  ventral  wall  of  the  anterior  part  in  Mustelus,  Gentes 
observed  them  in  Torpedo,  and  Sterzi  in  Acanthias.  Tilney 
('11)  stated  that  there  are  many  vesicles  in  the  upper  and  lower 

-  walls  of  the  juxta-neural  (anterior)  part  in  Acanthias.  Haller 
figiu^s  cyst-hke  glands  in  the  roof  of  the  anterior  lobe  of  Mustelus. 
Some  adult  specimens  of  Acanthias  show  glandular  outgrowths 
in  the  superior  wall  of  the  anterior  lobe,  especially  in  the  dorso- 
lateral parts  of  the  anterior  extremity.  As  Sterzi  ('09)  observed, 
glands  probably  develop  from  the  anterior  lobe  throughout  life 
and,  finally,  even  from  the  dorso-lateral  walls  and  roof,  and 
glands  project  ventrally  from  the  floor  of  the  anterior  lobe. 
A  model  of  some  of  the  latter  shows  that  branches  are  given 
off  at  all  angles  from  the  first  large  tubule  extending  ventrally 
and  that  secondary  and  tertiary  outpouchings  occur  from  the 
branches.  The  tubides  anastomose  among  each  other  and  with 
those  from  other  glands  both  cranially  and  caudally,  but  not  across 
the  median  sulcus  with  the  glands  of  the  other  side.  The  lumina 
may  be  continuous  through  the  anastomosing  tubules.  A  cast 
of  the  lumina  shows  frequent  enlarged  cavities  from  which  small 
openings  lead  to  the  cyst-hke  cavities  found  in  some  of  the 
secondary  and  tertiary  tubules.  No  such  glands  were  observed 
in  any  other  part  of  the  anterior  lobe.  If  any  glands  be  present 
in  the  roof  of  the  anterior  end  they  are  simple  and  cystic  or 
acinar  in  character.  In  some  specimens,  probably  older  animals, 
there  are  large  tubular  glands  in  the  floor  and  lateral  walls  and 
even  in  the  roof  of  the  caudal  extremity.  The  floor  of  the  middle 
part  occasionally  shows  cystic  glands.  The  walls  of  the  tubules 
are  two  or  three  cells  thick  and  the  columnar  cells  forming  them 
are  at  right  angles  to  the  surface  (fig.  28).     There  is  a  periph- 
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eral  zone  of  cytoplasm  which  is  very  finely  granular  and  con- 
trary to  the  statement  of  Tilney,  it  is  acidophilic.  Haller 
observed  that  the  peripheral  zone  of  cytoplasm  in  Mustelus 
stained  intensively  with  borax  carmine  and  Stendell  stated  that 
the  peripheral  layer  of  cells  is  acidophilic.  Sterzi  ('09)  found 
that  the  cytoplasm  of  the  cells  in  the  floor  of  the  caudal  part  of 
the  rostral  lobe  is  not  granular.  However,  there  are  glandular 
outgrowths  here  in  some  adults  and  these  walk  have  the  same 
character  as  the  other  glandular  parts,  except  in  the  mid-ventral 
line  where  no  outgrowths  are  found,  and  here  the  wall  is  com- 
posed of  low  epitheUal  cells.  The  nuclei  are  oval  and  crowded 
nearer  the  inner  free  surface.  They  have  a  finely  granular 
chromatic  network.  The  roof  of  the  anterior  lobe  is  also  com- 
posed of  several  layers  of  cells.  If  no  glands  are  present,  the 
nuclei  here  are  very  irregularly  placed,  some  of  them  lying  parallel 
to  the  surface  along  the  inner  free  side,  others  being  placed  at 
various  angles  to  the  surfaces.  The  cytoplasm  is  very  scant. 
The  roof  comes  into  close  relation  with  the  overlying  brain,  but 
a  thin  connective  tissue  layer  containing  small  blood  vessels  and 
capillaries  separates  them.  One  cannot  speak  of  a  fusion  of  the 
roof  of  this  lobe  with  the  brain  tissue  above,  as  noted  by  Tilney. 
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Fig.  29    Transverse  section  of  a  gland  of  the  inrerior  lobe  of  an  adult.    X  400. 

6,  Inferior  hbes.  The  inferior  lobes  are  large  glandular  struc- 
tures, from  the  walls  of  which  are  many  tubular  outgrowths. 
These  tubules  are  especially  numerous  on  the  ventral  surfaces 
of  the  inferior  lobes  although  there  are  some  on  the  roof  also. 
Two  or  three  layers  of  colimmar  cells  form  the  walls.  In  this 
case  a  wider  cytoplasmic  zone  Ues  along  the  inner  free  surface 
(fig.  29).  The  cytoplasm  is  clear  and  the  cell  membranes  stand 
out  distinctly.  The  cells  are  very  faintly  acidophilic.  The 
nuclei  here,  as  in  the  anterior  lobe,  are  oval  in  outUne,  and  the 
long  axis  is  always  at  right  angles  to  the  free  surfaces.  The 
chromatin  here  also  is  in  a  fine  network  with  a  more  or  less 
definite  layer  aloi^  the  nuclear  membrane. 

c.  Superior  lobe.  As  has  been  observed  in  all  selachians,  there 
is  a  great  glandular  outgrowth  from  the  roof  of  the  superior  lobe. 
.-Vs  Sterzi  has  noted,  these  glands  are  not  tubular  but  solid. 
The  floor  of  this  portion  shows  no  glandular  outgrowth.  It  is 
nlade  up  of  several  layers  of  columnar  cells.  The  roof  is  several 
cell-layers  deep  and  from  it  many  thick  columns  extend  upwar4. 
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Fig.  30    Sagittal  aectioD  of  the  glandular  cords  of  the  superior  lobe  of  an 
adult.  X  400. 

The  nuclei  of  the  columns  are  spherical  in  shape,  crowded  close 
together  in  the  center,  and  contain  a  light  chromatin  network 
and  a  nucleolus.  Between  these  columns  are  numerous  sinusoids. 
Along  the  periphery  of  the  columns  is  a  thick  layer  of  granular 
cytoplasm,  the  granules  being  small  and  closely  crowded  (fig.  30), 
The  cytoplasm  frequently  takes  a  distinctly  acid  stain.  In 
some  eosin-methylene  blue  preparations  the  cytoplasm  of  the 
superior  lobe  along  the  periphery  of  the  columns  is  stained  blue. 
With  iron  hematoxylin  this  same  zone  sometimes  retains  the 
hematoxylin  longer  than  does  the  chromatin.  The  granules 
of  this  part  often  stain  an  intense  blue  with  Mallory's  phos- 
photungstic  acid  stain.  On  either  side  of  a  granular  area  which 
stains  very  deeply  there  may  be  a  clear  area  where  the  secretion 
possibly  may  be  forming  or  has  just  been  given  up.  I  cannot, 
therefore,  agree  with  Tilney  ('11)  who  finds  only  eosinophilic 
cells  in  the  superior  lobe  and  basophilic  in  the  anterior  lobe. 
Besides,  as  has  been  noted,  in  many  cases  the  cells  of  the  anterior 
lobe  take  eosin  quite  as  readily.  Stendell  ('13)  thought  that  the 
division  of  chromophobic  and  chromophilic  portions  as  described 
by  Sterzi  and  others  might  not  be  true  in  all  cases.  In  the  adult 
Acanthias,  it  seems  to  me  this  distinction  cannot  be  sharply 
drawn,  at  least  not  with  all  stains.     The  cytoplasm  of  the  supe- 
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rioT  lobe  stajns  readily,  and  indeed,  sometimes  more  deeply  than 
that  of  the  anterior  lobe.  The  nuclei,  on  the  other  hand  stain 
less  deeply  than  those  of  the  anterior  lobe.  Those  of  the  inferior 
lobe  "frequently  stain  very  lightly.  Sterzi  has  stated  that  the 
cytoplasm  of  the  superior  lobe  stains  with  difficulty. 

d.  Connective  tissues,  blood  vessels  and  nerves.  In  very  small 
embryos  there  are  only  occasional  connective  tissue  cells  lyii^ 
between  the  hypophysis  and  the  brain  and  vascular  sac  above, 
and  these  cells  are  aloi^  the  dorso-lateral  walls.  Be^nning  in 
33  mm.  embryos,  however,  there  is  a  thin  layer  of  meaenchyma 
between  the  dorsal  (posterior)  end  of  the  hypophysis  and  the 
anlf^  of  the  vascular  sac.  In  50  mm.  embryos  small  blood 
vessels  are  found  between  the  superior  lobe  and  the  saccus 
vasculosus  (fig.  37).  At  this  time,  also,  a  thin  layer  of  mesen- 
chyma  separates  the  hypophysis  from  the  brain  floor.  In  the 
superior  lobe  of  the  adult  occasional  small  strands  of  connective 
tissue  are  found  in  the  centra*  of  the  core  of  nuclei  of  the 
columns. 

They  anastomose  with  the  connective  tissue  between  the 
columns  but  have  no  cytoplasmic  zone  bordering  them  as  do  the 
larger,  more  vascular  connective  tissue  strands  between  the 
columns. 

In  the  pup,  there  are  small  capillaries  in  the  connective  tissue 
overtheanteriorlobeof  the  hypophysis.  On  the  ventral  side  there 
is  considerable  connective  tissue  between  the  developing  tubules. 
The  few  capillaries  here  are  not  large.  The  capillaries  between 
the  columns  of  the  dorsal  lobe  are  large  and  numerous.  These 
capillaries  or  sinusoids  are  to  be  found  in  the  interstices  between 
the  cell  columns  and  also  between  the  ends  of  the  columns  and 
the  overlying  vascular  sac.  In  the^  adult  the  capillaries  over  the 
anterior  lobe  are  somewhat  lai^er.  There  has  been  some  in- 
crease in  the  size  and  number  of  the  capillaries  between  the  tub- 
ules of  the  anterior  lobe  and  the  same  is  true  in  the  superior  lobe 
between  the  cell  columns. 

Nerves  have  been  described  in  the  hypophysis  by  Edinger 
('92),  Sterzi  ('09)  and  others.  Sterzi  described  the  floor  of  the 
brain  in  the  hypophyseal  area  (above  the  superior  lobe  of  the  by- 


,d.y  Google 


430  E.   A.   BAUMOARTNER 

pophysis)  as  composed  of  three  layers,  of  which  the  middle  was 
made  up  of  nerve  fibers  coming  from  the  caudal  end  of  the  inferior 
lobes  of  the  brain.  When  these  fibers  reach  the  area  above  the 
superior  lobe,  numerous  bundles  of  them  go  ventrally  between  the 
columns.  These  bundles  are  large  and  composed  of  large  nerve 
fibers.  According  to  Stendell  ('12)  a  distinct  lumen,  continu- 
ous with  the  lumen  of  the  vascular  sac,  extends  into  these  bun- 
dles in  Heptanchus.  As  Sterzi  ('09)  showed,  these  bundles  are 
solid  in  Acantbias.  Sterzi  was  not  able  to  see  any  of  the  fibers 
ending  in  the  cell  columns.  In  some  material  stained  with 
MaJlory's  phosphotungstie  acid  hematoxyhn  these  fibers  are 
well  shown.  I  can  not  affirm  that  they  do  end  in  the  cell 
columns  between  the  cells  as  Sterzi  was  inclined  to  believe. 

e.  Secretions.  Haller  ('96)  stated  that  the  lumina  of  the 
superior  lobe  may  contain  cell  detritus  or  a  secretion.  Tilney 
('11)  observed  a  colloid-like  substance  in  the  vascular  sac  above 
the  superior  lobe.  Stendell  ('13)  described  deep  acidophilic 
secretion  granxdes  in  the  cytoplasm  of  the  cells  of  the  'Zwischen- 
lappen.'  These  colloid-like  secretions  were  found  in  the  cells 
lying  towards  the  blood  vessels.  The  adult  Acanthias  studied 
show  no  colloid-like  secretion  granules,  such  as  Stendell  found 
in  the  cytoplasm  near  the  sinusoids  in  Mustelus  and  Scyllium. 
Considerable  colloid-like  secretion,  however,  is  found  in  the 
tubules  of  the  anterior  lobe,  also  some  in  the  main  lumen  of  this 
part.  The  tubule  drawn  in  figure  28  contains  secretion.  Some 
secretion  was  found  in  the  tubular  glands  and  in  the  main  lumen 
of  the  inferior  lobes.  There  are  also  many  spaces  in  the  superior 
lobe  which  are  partially  filled  with  secretion.  The  spaces  are 
cylindrical  in  shape,  sometimes  as  much  as  20j:t  in  diameter  and 
50  to  200/i  long.  They  have  no  special  walls,  the  cells  and  nuclei 
lining  them  appear  to  have  been  crowded  aside.  Frequently 
the  inner  layer  of  nuclei  lies  flat  along  the  wall.  These  spaces 
never  come  in  contact  with  the  sinusoids,  but  are  always  found 
in  the  middle  of  the  columns  and  are  surrounded  by  nuclei  which 
are  crowded  close  together.  Aresu  (14)  has  described  similar 
cyst-like  spaces  in  Chimaera,  containing  a  substance  which  st^ns 
lightly  with  basic  stains.    That  the  secretion  does  not  fill  the 
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Spaces  may  be  due  to  shrinkage,  as  has  beau  suggested  in  the  case 
of  the  colloid  in  the  thyreoid  follicles.  In  all  respects  it  is  similar 
to  that  found  in  the  anterior  lobe.  There  is  no  direct  outlet  by 
means  of  which  a  secretion  can  reach  the  cavity  of  the  vascular 
sac  and  thus  gain  entrance  to  the  ventricles  of  the  brain.  The 
absence  of  any  secretion  in  the  vascular  sac  also  argues  against 
there  being  a  pathway  for  the  secretion  to  enter  it.  It  would 
seem  probable  that  another  secretion,  distinct  from  this,  is  formed 
in  the  lumen  of  the  tubules.  As  stated  in  the  description  of  the 
histol<^y  of  the  adult  hypophysis,  the  granular  cytoplasm  is 
always  foxmd  on  the  peripheral  side  of  the  cell  cords  or  tubules 
and  never  on  the  side  toward  the  lumen.  It  is  probable  that 
this  secretion  finds  its  way  into  the  numerous  capillaries  along 
the  periphery.  In  the  formation  of  two  secretions,  therefore,  the 
hypophysis  resembles  the  thyreoid  in  some  forms,  and  also  the 
hypophysis  in  some  mammals. 

@.  Histogenesis  of  the  hypophysis 

In  7.5  mm.  embryos  the  walls  are  formed  of  a  single  layer  of 
cells  of  a  lai^e  cuboidal  type.  The  cytoplasm  is  slightly  granular 
and  somewhat  acidophilic.  The  nuclei  are  large,  somewhat 
oval,  placed  near  the  basement  membrane,  and  contain  con- 
siderable chromatin  network.  Usually  several  nucleoli,  although 
sometimes  only  one,  are  found  near  the  nuclear  membrane 
(fig.  31).  Very  soon  the  walls  of  the  hypophysis  are  composed 
of  several  layers  of  cells.  In  a  13  mm.  embryo  the  large  nucleoli 
are  no  longer  so  prominent  and,  as  a  rule,  only  smaller  pseu- 
donucleoh,  as  observed  by  Sterzi,  are  to  be  seen. 

a.  Anterior  lobe.  In  a  21  mm.  embryo,  very  little  of  the  floor 
of  the  anterior  lobe  is  as  yet  present.  The  walls  are  composed 
of  two  layers  of  columnar  cells  which  have  a  thin  outer  and  a 
thick  inner,  sUghtly  granular  cytoplasmic  zone.  The  large 
U3d  etongately  oval  nuclei  contain  a  dense  chromatin  network, 
especially  in  the  anterior  end  {fig.  32).  Sterzi  has  observed 
that  there  are  some  elongated  nuclei  in  the  roof  of  the  hypophysis 
in  which  the  long  axes  are  at  right  angles  to  the  surfaces,  and 
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Fig.  31  Transverse  section  of  a  portion  of  the  hypophyseal  anlage  of  a  7.5 
mm,  embryo.  (H.E.C.  1503).  X  500.  B,  region  of  brain;  P.'premandibular 
aomite.  • 


Fig.  32  Sagittal  section  of  the  roof  of  the  anterior  lobe  in  a  21  mm.  embryo. 
(H.E.C.  1493).  X  450.  R,  roof  of  anterior  lobe;  Med,  medial  connection  of  in- 
ferior lobes;  P,  pigment  granules. 
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Fig.  33    Sagittal  section  of  the  floor  of  the  anterior  end  and  of  one  of  the  tub- 
ules of  the  anterior  lobe  of  a  pup.     X  400. 

between  these  are  spherical  shaped  nuclei.  He  has  described 
these  in  the  roof  of  the  superior  lobe.  These  become  more 
evident  in  40  and  50  mm.  embryos.  In  an  86  mm.  embryo,  the 
nuclei  of  the  roof  are  to  some  extent  irregular  in  arrangement. 
The  cytoplasm  takes  orange  G  quite  readily  and  hence  is  some- 
what acidophilic.  In  the  pup,  the  floor  is  well  formed  and  is 
now  the  thicker  wall  of  the  anterior  lobe.  As  shown  in  figure  33, 
it  is  composed  of  four  or  five  layers  of  nuclei.  The  oval  nuclei 
are  crowded  close  to  the  inner  free  surface.  There  is,  how- 
ever, a  narrow  outer  cytoplasmic  zone  which  is  very  granular. 
The  character  of  the  cells  of  the  glandular  outgrowths  is  shown 
in  figure  33,  Here,  too,  there  is  a  narrower  outer  rim  of  granular 
cytoplasm.  A  wider  inner  zone  of  non-granular  cytoplasm 
bounds  the  lumina  of  the  tubules.  The  nuclei,  as  in  the  floor, 
are  oval.  Usually  two  or  three  layers  form  the  walls.  The 
nuclei  have  a  distinct  chromatin  network  with  occasional  denser- 
staining  chromatin  masses  resembling  nucleoli. 
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6.  Inferior  lobes.  The  development  of  the  inferior  lob^  as 
constrictions  of  the  lateral  walls  of  the  early  hypophyseal  out^ 
pouching  hM  been  described  above.  The  point  where  these 
lobes  will  grow  together  across  the  median  line  is  indicated  in 
figures  5  to  10.  The  character  of  the  cells  forming  this  part  differs 
from  the  rest  of  the  hypophyseal  outpouching  as  early  as  the 
21  mm.  stage  (fig.  32).  The  cj^plasm  here  stains  less  densely 
than  that  of  the  rest  of  the  hypophysis.  The  nuclei  are  distinctiy 
spherical  in  shape  and  have  a  very  scant  chromatin  network. 
A  part  of  this  floor,  immediately  posterior  to  the  hypophyseal 
stalk,  contains  a  considerable  amount  of  a  grantilar  yellowish 
pigment.     Both  Mtlller  (71)  and  Hoffmann  ('96)  have  noted  the 


Fig.  34  Sagittal  section  of  the  floor  of  the  hypophysis  Dear  the  median  plane, 
showing  the  part  which  connects  the  interior  lobes.     (H.E.C.  362).     X  400. 

pigment  in  the  stalk  of  the  hypophysis.  The  nuclei  become  more 
oval  in  older  embryos.  This  is  well  shown  in  figure  34  which  is 
a  mid-sagittal  section  of  the  region  which  later  forms  the  con- 
nection between  the  inferior  sacs.  The  nuclei  here  are  very 
irregularly  placed.  Extending  caudally  from  the  stalk  are  several 
nuclei  flattened  along  the  inner  free  surface.  The  cytoplasm 
stains  very  lightly.  The  pigment  masses  are  numerous.  Cau- 
dally there  is  a  sudden  transition  to  columnar  cells  of  the  kind 
found  in  the  wall  of  the  anterior  lobe.  The  floor  in  this  region 
is  as  just  described  until  the  48  to  50  mm.  stages  when  the  infe- 
rior sacs  are  completely  constricted  from  the  anterior  one.  The 
pigment  and  the  flattened  nuclei  are  found  only  near  the  median 
line.     Both  are  still  present  in  a  41  mm.  embryo. 

In  the  inferior  sacs  proper,  however,  which  are  formed  at  the 
lateral  sides,  the  cells  are  similar  to  those  of  the  floor  of  the 
anterior  lobe.     The  outer,  narrower  zone  of  cytoplasm,  as  well 
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Fig.  35    Sagittal  aection  of  a  portioD  of  the  inferior  lobe  of  the  hypophysis  of 
pup.    X  400. 


as  the  inner,  wider  one,  stains  lightly  in  a  50  mm.  embryo.  In 
an  86  mm.  embryo  the  outer  zone  has  fine  granules.  The  cells 
are  slightly  acidophilic.  The  nuclei  are  elongately  oval  in  out- 
line as  in  the  anterior  lobe.  In  the  pup  many  outpouchings 
indicate  the  beginning  glandular  development.  The  upper  wall 
is  three  or  four  cell-layers  thick  (fig.  35).  There  is  a  wide,  inner, 
clear-staining  cytoplasmic  zone.  The  outer  narrower  rim  is 
slightly  granular.  The  nuclei  are  oval  in  outline,  as  in  the 
anterior  lobe.  Numerous  densely  staining  chromatin  masses 
are  to  be  seen.  The  lower  wall  or  floor  is  much  thinner.  It  is 
composed  of  only  one  or  two  layers  of  cells  and  has  a  narrow, 
inner,  cytoplasmic  rim.  This  zone,  as  in  the  root,  stains  very 
lightly  and  is  non-granular.  The  outer  rim  is,  however,  quite 
granular.  The  nuclei  are  like  those  in  the  roof  but  contain  a 
somewhat  denser  chromatin  network. 

c.  Superior  lobe.  In  a  21  mm.  embryo  the  wall  of  the  superior 
end  of  the  hypophyseal  anlage  is  thickest  where  the  superior 
lobe  later  develops  (fig.  36).  The  nuclei  are  large  and  oval  and 
have  a  hght  chromatin  network.  In  a  50  mm.  embryo  (fig.  37) 
the  wall  in  this  region  is  considerably  thicker  than  in  the  21  mm. 
embryo  because  of  an  increase  in  the  number  of  cell  layers.     There 
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Fig.  36    Sagittal  section  of  the  superior  end  of  the  hypophysis  of  a  21  niin. 
embryo.     (H.E.C.  1493).     X  450. 

Fig.  37    Sagittal  section  of  the  superior  lobe  of  a  50  mm.  embryo.    (HiF^.C. 

Scries  444).    X  450. 

is  an  outer  cytoplasmic  zone  which  is  non^^nular  and  stains 
hghtly.  The  nuclei  are  smaller  than  in  the  21  mm,  embryo  and 
contain  less  chromatin.  As  Sterzi  has  stated,  there  ane  some 
spherical  nuclei  and  some  more  slender  oval  nuclei,  but  no  regular 
arrangement  of  these,  such  as  Sterzi  described,  was  observed. 
In  a  95  mm.  embr>'o,  the  roof  of  the  superior  lobe  has  increased 
in  thickness  (fig.  38) .  The  nuclei  are  oval  and  contain  a  denser 
network  of  chromatin  than  is  found  in  50  mm.  embryos.  Along 
the  periphery  many  of  the  nuclei  are  spherical.  There  is  an 
inner  zone  of  cytoplasm  as  in  the  50  and  21  mm.  stages,  which  is 
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Fig.  3S  Transverse  aection  of  the  superior  lobe  of  a  95  mm.  embryo.  (H.E.C. 
Series  1882).     X  450. 

Fig.  30  Sagittal  section  of  the  superior  lobe  of  the  hypophjrsis  of  a  pup 
showing  one  of  the  cell  columns  and  a  portion  of  the  root.    X  400. 

non-granular.  Fewer  mitotic  figures  are  to  be  found  at  this 
time.  In  the  pup  the  roof  is  a  little  thicker  than  in  the  pre- 
ceding stage.  Above  the  roof  there  are  many  cell  columns  which 
are  outgrowths  from  the  roof  proper  (fig.  39) .  The  relations  of 
cell  columns  and  roof  to  each  other  are  shown  in  figure  39.  The 
roof  has  a  narrow  outer  zone  of  granular  cytoplasm.  Its' nuclei 
are  oval  and  have  a  light  chromatin  network.  The  cell  columns 
come  into  close  contact  with  the  overlying  floor  of  the  vascular 
sac  {fig.  39) .  Numerous  capillaries  and  a  loose  connective 
tissue  fill  the  spaces  between  the  cell  columns  and  between  the 
roof  of  the  hypophysis  and  the  floor  of  the  vascular  sac.  The 
columns  have  an  outer,  granular  cytoplasmic  zone.  The  cells 
are  acidophilic.  The  nuclei  are  spherical  in  outline,  have  a 
light  chromatin  network  and  usually  one  or  two  larger  chromatin 
masses  or  nucleoli. 

Only  a  brief  statement  can  be  given  at  this  time  concerning 
the  development  of  the  glandular  columns  of  the  superior  lobe. 
In  the  region  of  the  superior  lobe  in  all  embryos  up  to  the  50  mm. 
stage,  the  nuclei  are  elongate-oval  in  outline  and  are  arranged 
in  two  or  three  layers  (fig.  36).  In  a  50  mm.  embryo  some  of 
the  nuclei  at  the  periphery  are  spherical  (fig.  37).     It  is  possible 
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that  the  elongate-oval  nuclei  in  this  region  in  the  younger  embryos 
are  changed  into  spherical  ones.  In  the  pup  there  are  numerous 
columns  extending  dbrsally,  which  consist  of  a  central  group  of 
spherical,  tight-staining  nuclei  and  a  peripheral  zone  of  cyto- 
plasm. Until  some  material  between  the  95  mm.  embryos  and 
the  pup  stage  is  studied,  it  must  remain  a  question  how  these 
cell  columns  are  formed.  It  is  possible  that  the  cells  with  spheri- 
cal nuclei  arrange  themselves  in  groups  and  these  groups  then 
evaginate  from  the  roof.  The  scarcity  of  these  groups  in  the 
95  mm.  embryos  and  in  all  late  embryonic  stages  argues  against 
such  a  possibility,  although  Sterzi's  observations  on  the  presence 
of  groups  of  spherical  nuclei  lying  between  masses  of  cells  with 
oval  nuclei  should  be  taken  into  consideration.  Numerous 
cysHike  outpouchings  are  present  in  some  adults  in  the  anterior 
part  of  the  superior  lobe,  or,  rather,  between  this  and  the  roof 
of  the  caudal  extremity  of  the  anterior  lobe.  Some  of  these 
outpouchings  show  areas  of  cells  similar  to  those  fomung  the 
colxmms  of  the  superior  lobe,  interspersed  with  areas  of  cells 
hke  those  of  the  anterior  lobe.  The  areas  of  cells  resembling 
those  of  the  superior  lobe  oiay  form  the  entire  wall  or  may  lie 
on  a  basement  of  cells  resembling  those  forming  the  anterior 
lobe  which  line  the  cavity.  This  would  indicate  that  the  regions 
of  the  anterior  and  superior  lobes  are  not  sharply  separated,  or, 
that  the  cells  of  this  region  which  still  resemble  the  embiyooic 
condition  change  into  cell  columns  of  the  superior  lobe.  This 
need  not  imply,  however,  that  the  cells  of  the  anterior  and  infe- 
rior lobes  are  of  a  more  embryonic  type,  although  they  may  be 
more  primitive  phylogenetically. 

S.  Development  of  the  interhypophyseal  canal 

The  formation  of  the  ridge  connecting  the  inferior  lobes  on  the 
dorsal  (posterior)  side  of  the  hypophyseal  anlage  had  been 
described.  The  character  of  the  epithelium  in  this  region  in  a 
21  mm.  embryo,  as  stated  above,  differs  from  that  of  other  parts. 
A  ridge  is  prominent  in  a  34  mm.  embryo.  In  a  40  mm.  embryo 
the  groove  on  the  inside  of  this  ridge  is  marked  (fig,  8).     In  a 
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4&  mm.  embryo  the  ridge  is-  very  distinct  and  the  connection 
of  the  lumen  of  this  part  with  the  lumen  of  the  anterior  lobe  has 
become  constricted.  The  constriction  forms  the  narrowed  con- 
nection of  the  inferior  sacs  to  the  anterior  lobe.  As  previously 
stated,  the  growth  of  the  furrows  separating  the  inferior  sacs  from 
the  lateral  sides  of  the  anterior  lobe  is  well  marked  at  this  time. 
A  sagittal  section  of  the  hypophysis  of  a  50  mm.  embryo  shows 
a  short  interhypophyseal  canal  (fig.  9).  In  a  95  mm.  embryo 
the  canal  has  lengthened  considerably.  The  walls  are  composed 
of  one  or  two  layers  of  low  colimmar  cells.  In  the  pup  the  canal 
is  longer  than  in  the  embryos  but  the  diameter  is  about  the  same 
as  in  younger  specimens.  In  the  adult  the  canal  has  increased 
in  length  and  diameter  and  is  attached  in  the  floor  of  the  anterior 

TABLE  4 


Showing  the 

tiie  of  the  inlerkj/popkyse 

<d  canal 

.„„„...„ 

"-r^""^^ 

"--"-";."'"" 

Embryo  of  50  mm 

0.13 
0.36 
0.44 
0.68 

0.042 

0,048 

lobe  at  or  near  its  caudal  end.  Its  other  attachment  is  near  the 
dorsal  side  of  the  connection  between  the  inferior  lobes.  There 
are  no  tubular  outgrowths  from  it  such  as  Haller  found  in  Mus- 
telus.  Table  4  shows  the  size  of  the  canals  at  different  stages. 
It  will  be  seen  that  there  is  a  continual  increase  in  the  length  of 
the  canal.  The  diameter  in  the  older  specimen  is  somewhat 
greater  than  in  the  50  mm.  embryo,  although  there  is  no  great 
chaise.  A  distinct  lumen  is  present.  In  the  median  line 
there  is  a  well  defined  layer  of  connective  tissue  extending  from 
the  tip  of  the  parachordal  plate  (fig.  9)  forward  to  the  floor  of 
the  anterior  lobe  of  the  hypophysis.  This  layer  develops  rapidly 
after  the  canal  is  formed  and  surrounds  it.  It  is  well  defined  in 
a  50  mm.  embryo,  but  becomes  thicker  in  the  adult.  This  layer 
separates  the  inferior  lobes  from  the  rest  of  the  hypophysis  and 
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makes  their  dissection  difficult.  The  cells  and  fibers  in  it  are 
arranged  concentrically  around  the  canal.  In  the  adult,  the 
layer  of  connective  tissue  is  still  prominent  and  extends  the  entire 
length  of  the  canal. 


Fig.  40  TraneverBe  sectioD  of  the  hypophyseal  stalk  of  a  2S  mm.  embryo. 
(H.E.C.  Series  1357).    X  350. 

Fig.  41  Transverse  section  of  the  hypophyseal  stalk  of  a  33  mm.  embryo. 
(H.E.C.  Series  307).    X  350. 

4.  Development  of  the  hypophyseal  stalJc 

The  stalk  connecting  the  hypophysis  with  the  mouth  is  formed 
in  22  to  24  mm.  embryos.  It  is  present  in  one  21  mm.  embryo 
which  shows  the  anterior  end  constricting  from  the  mouth. 
In  these  stages  it  is  oval  in  cross-section,  the  lumen  is  very  large, 
and  its  walls  are  formed  of  a  layer  of  low  columnar  cells,  the  nuclei, 
of  which  are  somewhat  elongated  and  contain  considerable 
chromatin.  In  the  posterior  (superior)  margin  are  found  many 
yellow  pigment  granules,  as  has  been  described  by  Hoffmann 
('86).  These  granules  are  found  within  the  cell,  sometimes 
apparently  in  the  nucleus  (fig.  32).  As  Hoffmann  stated,  they 
are  first  seen  in  the  bucco-pharyngeal  membrane,  but  later 
occur  also  in  the  wall  of  the  stalk.  Miiller  ('71)  had  described 
them  in  the  stalk  in  Acanthias  embryos  of  30  mm.  length. 

In  28  mm.  embryos  the  lumen  in  the  stalk  is  small.  The  wall 
consists  of  a  double  layer  of  epithelial  cells,  the  outer  of  which 
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Fig.  42  TraDsverae  section  of  the  hypophyseal  stalk  of  a  37  aaa.  embryo. 
(H.E.C.  Series  363).    X  350. 

Fig.  43  Transverse  section  of  the  hypophyseal  stalk  of  a  41.5  nun,  embryo. 
(H.E.C.  Series  369).     X  350. 

is  low  columnar  in  type  (fig.  40) ;  the  inner  is  irregular  and  the 
nuclei  are  oval  in  outline  but  not  regularly  placed.  Figure  40 
is  of  a  section  through  approximately  the  middle  of  the  stalk. 
The  lumen  and  stalk  are  larger  where  it  connects  with  the  hy- 
pophysis and  with  the  mouth,  both  ends  being  funnel-shaped  and 
joined  by  a  narrower  middle  part.  The  connective  tissue  around 
the  stalk  is  mesenchymal  in  character.  Immediately  around  the 
stalk  the  cells  are  concentrically  arranged.  This  character  is 
more  pronounced  in  later  stages. 

In  a  33  mm.  embryo  the  two  ends  of  the  stalk  are  funnel- 
shaped,  as  before,  and  contain  a  lumen,  while  the  middle  part  of 
the  stalk  is  made  up  of  a  mass  of  cells  in  which  no  lumen  is  present 
(fig.  41).  The  outer  layer  of  cells,  though  still  definite  at  the 
ends,  is  no  longer  so  in  the  middle  part.  The  nuclei  are  more 
spherical  in  shape  and  contain  a  denser  chromatin  network. 
The  arrangement  of  the  mesenchymal  cells  around  the  stalk  is 
concentric. 

In  a  37  mm.  embryo  the  stalk  is  greatly  reduced  in  size.  The 
nuclei  are  massed  in  the  center  and  are  surrounded  by  a  densely 
staining  cytoplasm  (fig.  42) .  Some  pigpient  is  scattered  through- 
out the  stalk,  as  in  all  of  the  specimens.  The  concentric  arrange- 
ment of  connective  tissue  cells  is  more  marked. 

In  some  embryos  40  mm.  in  length  no  remnant  of  the  stalk  is 
found.     In  a  41.5  mm.  embryo  a  small  elongated  densely  stain- 
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ing  stalk  is  present  (iig.  43).  What  apparently  is  the  remams 
of  the  nuclear  mass  is  surrounded  by  a  narrow  densely-staining 
cytoplasmic  rim.  The  chromatin  network  has  disappeared, 
but  larger  masses  of  densely  staining  chromatin  are  to  be  seen. 
The  concentric  arrangement  of  the  connective  tissue  cells  is 
apparent,  but  not  so  marked  as  in  the  younger  stages.  In  another 
specimen,  40  mm.  in  length,  a  strand  of  connective  tissue,  extend- 
ing from  a .  funnel-shaped  mass  of  epithelial  cells— continuous 
with  the  epithelial  lining  of  the  mouth — to  the  base  of  the  hy- 
pophysis, indicates  the  position  of  the  degenerated  stalk  (iig.  8). 
The  hypophyseal  attachment  of  the  stalk  is  anterior  to  the  groove 
connecting  the  inferior  lobes.  Soon  after  this  time  the  cartilages 
at  the  base  of  the  brain  become  continuous  across  the  mid  line. 

I  wish  to  thank  Dr.  R.  E.  Scammon  for  his  many  helpful 
suggestions  throughout  this  work.  Thanks  are  also  due  to 
Dr.  R.  J.  Terry  for  his  kindly  interest  during  its  completion. 

8IJMMAEY 

1.  The  terms  'anterior  lobe,'  'inferior  lobes'  and  'superior 
lohe'  have  been  used  for  the  several  parts  of  the  hypophysis  of 
Acanthias. 

2.  Rathke's  pouch  forms  the  posterior  part  of  the  anterior 
lobe.  The  later  evagination  of  the  ectoderm,  anterior  to  this, 
forms  the  middle  portion  and  the  anterior  extremity  of  the  an- 
terior lobe. 

3.  The  inferior  lobes  develop  from  the  lateral  sides  of  the  pos- 
terior extremity  of  the  anterior  lobe,  i.e.,  from  the  lateral  sides 
of  Rathke's  pouch. 

4.  The  superior  lobe  develops  from  the  caudal  (superior) 
end  of  the  hypophyseal  anlage. 

5.  In  the  course  of  development  the  hypophysis  shifts  in  posi- 
tion about  145  degrees,  so  that  the  upper  wall  becomes  the  floor 
and  the  ventral  (anterior)  surface  the  roof. 
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6.  There  is  glandular  growth  from  the  roof  of  the  superior 
lobe  and  the  inferior  lobes,  as  has  been  described  by  Sterzi  and 
others,  and  from  the  Boor  of  only  the  anterior  and  posterior 
extremity  of  the  anterior  lobe  in  all  adults. 

7.  The  cells  of  both  anterior  and  inferior  lobes  are  acidophilic 
in  character. 

8.  The  cell  columns  of  the  superior  lobe  are  solid  as  Sterzi 
described  them. 

9.  Frequently  the  anterior  and  inferior  lobes  stain  more  densely 
than  does  the  superior  lobe.  In  these  cases,  it  is  the  nuclei  which 
take  the  darker  stain.  In  general  the  anterior  and  inferior  lobes 
may'be  considered  the  ehromophilic  ones. 

10.  Spaces  containing  some  colloid-like  secretion  are  present 
in  the  superior  lobe.  A  similar  secretion  is  present  in  the  lumina 
of  the  tubules  of  the  anterior  and  inferior  lobes  and  in  the  large 
main  lumen. 
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ADDENDUM 

After  the  completion  of  the  present  work  a  paper  by  M.  W. 
Woerdeman:  "Vergleichende  Ontogenie  der  Hypophysis"  ap- 
peared (Arch.  f.  mikr.  Anat.,  Bd.  86).  This  investigator  figured 
Rathke's  pouch  in  an  8  mm.  Torpedcembryo.  In  somewhat 
older  embryos  (12-15  mm.)  the  region  where  Rathke's  pouch 
opens  into  the  mouth  evaginates  and  in  still  later  embryos  a 
re^on  anterior  to  this  is  constricted  from  the  mouth.  The 
hypophysis  then  consists  of  a  small  Rathke's  pouch  somewhat 
constricted  from  an  anterior  (ventral)  'Mittelraum'  and  anterior 
to  the  latter,  the  'Vorraum.'  The  middle  division,  in  20  totd.. 
embryos,  divides  by  a  circular  constriction  into  a  dorsal  and  a 
ventral  part.  In  this  way  the  ventral  sacs  are  formed.  The 
hypophyseal  stalk  now  opens  into  the  ventral  sacs,  in  which 
observation  Woerdeman  agrees  with  that  of  Gentes  and  Sten- 
dell.  According  to  Woerdemann's  comparison  of  the  parts  of 
the  hypophysis  with  those  described  by  Stendell,  Rathke's 
pouch  is  homologous  with  the  superior  lobe  (table  1,  p.  400) 
and  the  'Mittelraum'  and  'Vorraum'  are  homologous  with  the 
anterior  lobe.  The  ventral  sacs  and  lateral  lobuli  which  he 
described  are  probably  homologous  with  the  inferior  lobes.  In 
Squalus  I  have  described  Rathke's  pouch,  or  the  early  anlage  of 
the  hypophysis  as  giving  rise  to  the  caudal  extremity  of  the 
anterior  lobe.  A  later  evaluation  ventral  to  this  gives  rise  to 
the  middle  portion  and  anterior  extremity  of  the  anterior  lobe. 
The  secondary  evagination  is  eariy  recognized,  as  the  epithelium 
here  is  thickened  (page  408).  The  opening  from  the  mouth 
to  the  early  hypophyseal  anlage,  or  Rathke's  pouch,  secondarily 
comes  to  open  in  the  later  evagination  (page  410)  of  which  there 
is  only  one  in  Squalus,  The  inferior  lobes  and  the  superior  obe 
develop  from  the  early  hypophyseal  anlage  in  Squalus,  as  has 
been  described  (pp.  410-11).  The  hypophyseal  stalk  is  not 
constricted  from  the  anterior  lobe  with  the  developing  ventral 
lobes  but  remains  connected  with  the  caudal  wall  of  the  middle 
portion  of  the  anterior  lobe  until  it  disappears. 


,d.y  Google 


DEVELOPMENT   OF  THE   HTPOPHTSIS  445 

BIBLIOGRAPHY 

Aresu,  M.    1Q14    L'ipofisi  in  Chimaera  monstroea  L.  Anat.  Am.  Bd,  47. 
Balfoub,  F.  M.    1874    A  preliminary  account  of  the  development  of  the  elasmo- 

branch  fishes.    Quart.  Jour.  Micr.  Sc,  vol.  14. 

1878    A   monograph   on   the   development   of   elasmobranch   fishes. 

London. 
BcRCKUAHDT,  R.    1007    Das  Zentral-nervensyBtera  der  Selachier  als  Grund- 

lage  ftlr  einc  Phylogenie  des  Vertcbratenhims.    I  TeJl:  Eioleitung 

und  Rcymnus  lichia.    Abh,  d.  Kais.  Lcop  -Carol.    Deutschen  Akad.  d. 

Naturf.,  Bd.  73. 

1911     Das  Zentral-nervetiHystem  der  Kclachier.     II  Teil.     Die  Ubriger 

PaUoselachier.    Nova  Acta.     Abh.  des  Kais.  Leop,-('arul.     Deutschen 

Akad.d.  Naturf.,  Bd.  94. 
Chiabuiii,  G.    1SS8    Di  un  organo  epithcliate  situato  al  dinanzi  della  ipofisi 

c  di  altri  punti  relativi  alio  sviluppo  dclla  rcgione  ipofisaria  in  embrioni 

di  Torpedo  ocellata.     Monit.  Zool.  Ital.,  vol.  9. 
Kdinobr,    L.     18S8    tlnterauchungen    iiber    die    vcrgleichende    Anatomic    des 

Gehims.     I  Das  Vordenhim.     Frankfort  a.  M. 

1892    Untersuchungen  Uber  die  vcrgleichende  Anatomie  des  Gehirns. 

II  Das  Zwischenhim.    Frankfort  a  M.;  also,  Anat.  Anz.,  Bd.  7. 
Gentes,  L.    1906    Signification  choroidienne  du  sac  vasculaire.    Compt.  reod. 

Soc.  Biol.,  T.  60;  also  R<^un.  Biol.,  Bordeaux. 

1907  R^cherch^B  sur  I'hypophyse  et  la  sac  vasculaire  des  vert^brte. 
Travaux  des  Laborat.  Bordeaux.  Soc,  Sci.  d'Arcachon  Sta.  biol.. 
Ft.  1. 

1908  a  D^veloppement  compar^c  de  la  glande  infundibulaire  et  des 
plexus  choroides  dorsaux  obei  la  torpille.  Compt.  rend.  Soc.  Biol. 
Paris,  T.  64. 

1908  b  Sur  le  dfveloppement  des  lobes  inrdrieure  chez  les  Sclaciens. 
Compt.  rend,  Soc.  Biol.  Paris,  T.  64. 

1908  c  Lea  lobes  lateraux  de  rhypophyse  de  Torpedo  marmorata 
RisBo;  d^veloppement  du  sac  inr6rieur  de  cette  hypophyse.  Compt. 
rend.  Soc.  Biol.  Paris,  T.  64. 

1908  d  Dfveloppement  et  Evolution  de  I'hypencephale  et  de  I'hypo- 
physe de  Torpedo  marmorata  Riaso.  Trav.  Soc.  Sci.  Arcachon, 
Sta.  Zool.,  T.  11. 

Hai,lek,  B.    1896    Untersuchungen  iiber  die  Hypophysis  und  die  Infundibular- 

organe.    Morph.  Jahrb.,  Bd.  25. 
Herring,  P.  T.     1908    A  contribution  to  the  comparative  physiology  of  the 

pituitary  body.    Quart.  Jour.  Expt.  Phys.,  vol.  1. 
Hoffmann,  C.   K.    1896    Beitrage  zur  Entwicklungsgeschichto  der  Selachii. 

Morph.  Jahrb.,  Bd.  24. 
Johnston,  J.  B.    1909    The  morphology  of  the  forebrain  vesicle  in  vertebrates. 

Jour.  Comp.  Neur.,  vol.  19,  no.  5. 
JoRis,  H.    1908    Le  tobe  postMeur  de  la  glande  pituitaire.    Mem.  d.  I'Acad. 

de  MM.  d.  Belgique,  T.  19. 

1909  Le  glande  neuro-hypophysaire.  Compt.  rend.  d.  rAasoc.  des 
Anat.,  11  R«un. 


,d.y  Google 


446  E.   A.   BAUMGARTNBR 

VON  KuFFTER,  C.    1894    Die  Deutung  dea  Himanhangs.  Sitzungaber.  d.  Gea. 

(.  Morph.  u.  Phys.  in  Munchen. 
VON  Miklucho-Maclay,  K.     1868    Beitrag  zur  vergleichenden  Anatomle  dea 

Gehimea.    Jena.  Zeitacb.,  Bd.  4. 

1870    Beitrftge  lur  vergleichenden  Neurologie  der  Wirbethiere.    Daa 

Gehim  der  Selachier.    Leipzig. 
MttLLER,  W.    1871    Ueber  Entwickelung  und  Bau  der  Hypophyeia  und  der 

Processus  infundibuli  cerebri.    Jena.  Zeitach.  f.  Med.  u.  Naturwias., 

Bd.6. 
NisHiKAWA,  T.    1899    Notea  on  Eome  embryos  of  Chlamydoaelachua  anguineua 

Ganii.     Annotstionee  zool.  japonensea,  vol.  2. 
Pettit,    a.    1906    Sur    I'hypopbyae    de    Centroacymnus    caelolepia    Hoc.    et. 

Cap.    Compt.  Rend,  de  la  Soc.  de  Biol.,  T.  61. 
Rabl-RCckhard,  H.     1880    Das  gegenseitige  VerhSltnia  der  Chorda,  Hypophysis 

und    dee    mittleren    SchlidelbalkenB   bei    liaifisch   embryonen,   nebst 

Bemerkungen  tiber  die  Deutung  der  einielnen  Theile  dea  Fiachgehims. 

Morph.  Jahrb.,  Bd.  6. 
Reichert,  H.    1877    Ueber  das  vordero  Ende  der  Chorda  dorealis  bei  frahseiti- 

gen  Hsifisch  Embryonen  (Acanthiaa  vulgaris}.    Abh.  d.  kSngl.  Akad. 

Wias.    Berlin. 
RoHON,    J.    V.    1879    Das   Zentralorgane  dea   Nervensystems  der  Selaehier. 

Denkschr.  k.  Akad.  Wias.  Wien.,  math,  naturw.  Kl. 
Rossi,  U.     1902    Soprailobilateralidellaipofisi.   Arch.Ital.Anat.Embr.,vol.  I. 
Sanders,  A.    1886    Contribution  to  the  anatomy  of  the  central  nervous  eyatem 

in  vertebrate  animala.    Phil.  Trans.  Hoy.  Soc.  London,  vol.  177. 
Sasse,  H.  F.  A.    1886    Bydrage  tot  dekennis  vonde  ontwikkelungenbeteekenia 

der  Hypophysis  cerebri.    Dise.  Utrecht. 
ScAMHON,  R.  E.    1911    Normal  plate  of  the  development  of  Squalus  aoanthiaa. 

Normt.  I.  Entwicklungsgeschichte  d.  Wirbeltiere,  H.  12. 
Sedgwick,  A.    1892    Notes  on  elasmobranch  development.    Quart.  Jour.  Micr. 

Soc,  vol.  33. 
Sewertzopf,  a.  N.     1899    Die  Entwickiung  des  Selaehier  Schadele.     Festach, 

zum  70.    Geburtstag  von.  C.  v.  KupfFer,  Jena. 
Stendbll,  W.    1913    Zur  vergleichenden  Anatomie  und  Histologie  der  Hypo- 

physis  cerebri.    Arch.  f.  mikr.  Anat.,  Bd.  82., 
Rterii,  G.    1904    Intorno  alia  struttiira  dell'  ipofisi  nei  Vertebrati.    Atti  dell' 

Acad.  sc.  veneto-  trentino-  istriano,  vol.  1. 

1909    II  aistema  nervosa  centrale  dei  Vertebrati,  vol.  2,  libro  1,  P.  1; 

Padova. 

1912    II  sistema  nervosa  centrale  dei  Vertebrati,  vol.  2,  libro  I,  P.  2; 

Padova. 
TiLNEY,  F.  '1911    Contribution  to  the  study  of  the  hypophysis  cerebri  with 

especial  reference  to  its  comparative  histology.     Memoirs  of  The 

Wiatar  Institute  of  Anatomy  and  Biology,  no.  2. 
ViAOLT,  F.    1876    Recherches  hiatologiques  sur  la  structure  des  centres  nerveaux 

dea  Plagiostomes.    Arch.  d.  Zool.  Exp^rimontale,  T.  5. 
ZiEQLER,  H.  E.    1908    Ein  Embryo  von  Chlamydoselachus  anguineus  (Gann). 

Anat.  Anz.,  Bd.  33. 


,d.y  Google 


Proceedings  of  the  American  Association  of  Anatomists,  thir- 
tieth session,  at  the  University  of  Pennsylvania,  Philadelphia, 
Pa.     December  31,  1913. 

49.  The  development  of  the  gcJl  bladder  and  bile  duds  in  avAlystoma. 

E.  A.  Baumgartner,  Institute  of  Anatomy,  University  of  Minnesota. 

Modeb  of  embryos  4.5  mm.  long  show  that  the  liver  anlage  is  a  ven- 
tral, somewhat  caudal  projection  of  the  gut  lumen  caudal  to  the  heart. 
That  this  does  not  correspond  to  the  caudal  hepatic  duct  described  in 
chick  is  shown  by  later  stages.  In  models  of  embryos  about  7  mm.  long 
we  see  this  early  ventral  outpouching  has  turned  cranialward.  In  the 
ventral  wall  where  the  primitive  common  duct  joins  the  gut  lumen  a  me- 
dian depression  shows  the  earliest  anlage  of  the  gall  bladder.  In  stages 
of  about  9  mm.  length  the  folds  have  become  numerous  and  are  the  anlage 
of  radicles  of  the  main  hepatic  ducts.  That  they  are  not  entirely  formed 
by  the  tunneling  in  of  blood  vessels  as  has  been  described  by  Shore,  is 
shown  by  the  fact  that  furrows  are  found  in  which  no  blood  vessels  are 
present.  The  early  anterior,  and  laterally  extending  duct  shows  be- 
ginning constriction  and  elongation  into  right  and  left  hepatic  ducts. 
A  little  later  the  gall  bladder  has  shifted  to  the  right  and  is  no  longer 
widest  transversely.  The  cystic  duct  also  has  shifted  to  the  right,  now 
being  attached  to  the  ventral  side  of  the  right  hepatic  duct.  The  shift- 
ing of  the  gall  bladder  is  accompanied  by  a  shifting  of  the  entire  caudal 
part  of  the  liver  due  to  the  sinistral  and  ventral  growth  of  the  stomach 
and  duodenum. 

From  graphic  reconstructions  of  late  embryos  we  see  an  arrangement 
of  the  biUary  apparatus  as  shown  in  the  following  outline: 

Common  duct 


left  hepatic  duct  right  hepatic  duct 

It.  lat.  ramus    It.  med.  ramua  rt.  med.  ramiui    rt.  lat.  rami 

II  LI 

I    I      I     I  T    I       r  I 

branches — lat.,  med.         lat.,  med.  med.,  lat.  mod.,  lat. 


Occasionally  the  left  medial  and  right  medial  rami  join  to  form  one  duct 
which  subdivides  as  a  siiy^le  stem.     This  is  a  secondary  union  and  per- 
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aiflts  in  the  adult.  Also  in  some  cases  the  cystic  duet  was  found  to  be 
one  subdivision  further  removed,  that  is,  it  was  attached  to  a  radicle  of 
the  lateral  branch  of  the  right  hepatic  ramus. 

In  embryos  between  10  and  12  nun.  in  length,  division  and  growth  of 
the  early  duct  into  right  and  left  hepatic  ducts  and  of  these  into  rami 
takes  place.  A  graphic  reconstruction  of  a  13  mm.  stage  shows  that  this 
has  t^en  place.  The  gall  bladder  here  is  now  longest  postero-anteriorly 
and  the  short  cystic  duct  extends  upward  and  to  the  left.  A  model  of 
a  14  nriTn.  embryo  shows  that  the  gall  bladder  has  shifted  more  to  the 
right  and  that  its  duct  which  is  attached  to  the  extreme  anterior  end 
extends  somewhat  upward  and  to  the  left. 

A  model  of  the  biliary  apparatus  of  a  slightly  older  embryo  shows 
greater  development  of  the  duct  system.  'Die  gall  bladder  is  longer 
anteroposteriorly,  its  duct  is  attached  more  caudally  and  is  almost 
horizontal.  In  a  15  mm,  embryo  there  is  a  short  common  duct,  but  the 
right  and  left  hepatic  ducts  are  longer.  The  right  lateral  shifting  here 
is  more  marked.  The  cystic  duct  extends  horizontally  to  the  left.  This 
stage  marks  the  extreme  caudal  attachment  of  the  cystic  duct  to  the 
gall  bladder. 

At  the  20  mm.  stage  the  lateralward  shifting  is  very  marked.  The 
right  hepatic  duct  is  now  somewhat  dorsal  to  the  left.  Here  the  right 
and  left  medial  rami  have  united  to  fonn  one  duct.  The  gall  bladder 
has  increased  very  materially  in  size,  particularly  in  its  caudo-cranlal 
diameter.  The  cystic  duct  has  shifted  toward  the  anterior  end  and  now 
projects  to  the  left  and  downward.  The  extreme  of  the  lateralward 
shifting  has  been  reached  in  a  35  mm,  embryo.  The  right  hepatic  duct 
here  is  quite  dorsal  in  position  in  relation  to  the  left.  Its  lateral  radicles 
are  also  more  dorsal  than  its  medial.  The  left  lateral  ramus  has  turned 
caudalward  to  supply  hepatic  radicles  to  the  further  caudal  extending 
left  lobe  of  the  hver.  The  gall  bladder  has  increased  in  its  dorso-ventrd 
diameter.  Its  duct  is  attached  at  the  anterior  end  and  extends  toward 
the  left  and  downward  as  before.  In  a  45  mm.  embryo  and  larger  ones 
the  right  and  left  hepatic  ducts  are  again  more  nearly  in  a  horizontal 
plane.  The  cj^tic  duct  is  attached  to  the  anterior  medial  end  of  the  gall 
bladder. 

Summary.  (1)  The  ductus  choledochus  develops  as  the  early  an- 
terior directed  duct  from  the  gut.  (2)  The  right  and  left  hepatic  ducts 
develop  as  divisions  of  the  ductus  choledochus  and  by  growth  and  divi- 
sion form  the  hepatic  rami  and  branches.  (3)  The  gall  bladder  begins 
as  a  median  ventral  outpouching  of  the  early  anterior  forming  liver 
aniage.  It  is  first  widest  laterally  and  finally  obliquely  caudo-cranially. 
(4)  There  is  an  early  right  lateral  shifting  of  the  biliary  apparatus. 
Along  with  this  there  is  a  constant  shifting  direction  of  the  cystic  duct 
in  keeping  with  the  dorsalward  migration  of  the  gall  bladder.  (5)  The 
cystic  duct  is  early  closed  off  with  the  r^ht  hepatic  and  finally  is  attached 
to  the  lateral  branch  of  the  right  lateral  ramus. 
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ON  THE  VASCULARIZATION  OF  THE  SPINAL 
CORD  OF  THE  PIG 

E.  R.  HOSKINS 

From  the  ImliluU  of  Analomy,  University  of  Minnesota 
FIVE  HGUBEa 

HISTORICAL 

Until  1904  little  work  had  been  done  upon  the  development  of 
the  blood-vessels  of  the  spinal  cord,  except  that  of  His  {'86)  who 
undertook  to  follow  the  growth  of  these  vessels  in  human  embryos. 
The  observations  of  this  author  have  been  largely  disputed  by 
Sterzi  ( '04)  and  Evans  ( '09) ,  the  two  writers  who  have  done  most 
of  the  work  in  this  field. 

By  far  the  most  comprehensive  publication  upon  the  develop- 
ment of  the  vessels  of  the  spinal  cord  is  that  of  Sterzi  ('04).  In 
this  he  discusses  the  development  of  the  vessels  in  the  five  higher 
classes  of  vertebrates.  As  a  type  of  the  Mammalia  he  uses  the 
sheep.     He  brings  out  the  following  points: 

The  blood-vessels  first  approach  the  cord  at  the  ventro-lateral 
border  and  spread  over  the  ventral  surface,  then  over  the  lateral, 
and  finally  over  the  dorsal  surface.  Each  vertebro-meduUary 
artery  as  it  approaches  the  cord  divides  into  a  ventral  and  a  dorsal 
ramus,  the  ventral  and  dorsal  radical  arteries.  The  ventral  radi- 
cals from  either  side  halt  at  the  lateral  edges  of  the  floor-plate, 
and  each  divides  into  a  cranial  and  a  caudal  branch.  These 
anastomose  with  those  of  adjacent  segments  and  form  two  longi- 
tudinal arteries  on  the  ventral  surface  of  the  cord,  the  "tractus 
arteriosus  primitivus. "  Later  they  send  out  medial  rami  and 
through  these  become  connected.  Still  later,  alternate  parts  of 
the  two  tracts  degenerate  while  other  parts  continue  to  develop. 
These  enlarged  segments  are  joined  together  through  their  medial 
rami  and  form  a  single  ventral  artery  which  Sterzi  terms  the 
tractus  arteriosus  ventraUs,  and  which  is  the  anterior  spinal  artery 
371 
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of  most  authors.  From  the  primitive  tract,  dorsal  rami  enter  the 
substance  of  the  cord.  Each  dorsal  ramus  forms  a  loop  and  gives 
rise  to  a  vein,  which  courses  ventrally  and  enters  the  primitive 
sulcus.  Later  other  vessels  extend  into  the  cord  from  the  lateral, 
and  still  later  from  the  dorsal  surface. 

The  dorsal  radical  arteries,  where  they  divide,  form  many  small 
longitudinal  capillaries  just  ventral  to  the  points  of  emergence  of 
the  dorsal  nerve  roots.  From  these  capillaries  there  is  formed 
later  a  longitudinal  artery  on  either  side  of  the  cord,  in  this  plane 
{tr&ctus  arteriosus  lateralis).  The  vessels  entering  the  cord  are 
f  rst  solid  and  later  become  hollow. 

Evans  { '09)  shows  by  a  series  of  injected  pigs  the  early  develop- 
ment of  anterior  spinal  artery  In  his  figures  the  mid-ventral 
surface  of  the  cord  is  shown  to  be  free  from  vessels  until  the  em- 
bryos are  8.5  mm.  in  length,  and  the  mid-posterior  surface  until 
after  the  pigs  are  between  8  and  10.5  mm.  in  length.  He  does  not 
take  up  the  later  stages. 

MATERIAL  AND  METHODS 

For  a  study  of  this  nature,  injected  embryos  are  indispensable, 
and  they  are  best  injected  while  living,  with  warm  india  ink 
diluted  one-half  with  weak  ammonia  water.  It  is  preferable  to 
inject  through  the  umbilical  artery  rather  than  through  the 
umbilical  vein,  because  the  arteries  are  less  readily  ruptured 
and  because  the  route  between  them  and  the  vessels  of  the  spinal 
cord  is  much  more  direct. 

Embryos  used  for  thin  serial  sections  are  better  if  they  are  con- 
gested instead  of  being  injected.  This  congestion  is  accomplished 
as  follows:  The  umbilical  cord  is  tied  while  the  embryo  is  yet 
living,  thus  causing  an  increase  in  the  blood  pressure  in  the  aorta. 
One  of  the  most  direct  outlets  for  this  increased  pressure  is  the 
system  of  segmental  arteries,  and  through  these  the  bloodvessels 
in  and  around  the  spinal  cord  soon  become  engorged.  When 
this  condition  is  reached,  as  evidenced  by  the  increased  redness 
of  the  dorsal  region  of  the  embryo,  the  live  embryo  is  dropped 
into  a  fixing  iluid  which  penetrates  rapidly  so  that  the  capillaries 
are  fixed  before  they  collapse.     Bouin's  picro-formo-acetic  mix- 
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ture  serves  this  purpose  very  well.  Embryos  treated  in  this 
manner  show  the  smaller  vessels  much  more  plainly  than  those 
fixed  in  the  usual  way. 

Small  injected  embryos  which  have  been  cleared  in  oil  may  be 
dissected  under  the  binocular  microscope  and  all  the  external 
vessels  of  the  cord  demonstrated,  or  they  may  be  sectioned  in 
celloidin  to  show  the  internal  vessels. 

From  pigs  larger  than  25  or  30  mm.  the  cord  with  its  membranes 
may  be  dissected  out  and  embedded  in  celloidin  and  cleared,  or 
for  temporary  preparations  may  be  cleared  directly. 

Serial  sections  of  the  cleared  embryo  or  spinal  cord  can  be  kept 
permanently  between  two  pieces  of  paper  soaked  in  oil,  or  can  be 
transferred  to  slides  and  mounted  in  damar  gum.  To  make  sUde 
preparations,  the  sections  are  cut  in  oil  and  placed  on  a  piece  of 
thin  paper  in  the  same  order  they  are  to  have  on  the  slide. 
Another  piece  of  oiled  paper  is  laid  down  upon  them  and  the  whole 
inverted.  The  first  paper  is  now  peeled  off  and  the  other  paper 
holding  the  sections  is  inverted  upon  the  slide.  This  paper  is 
then  peeled  off,  leaving  the  sections  on  the  slide  in  their  proper 
order.  They  may  then  be  washed  carefully  with  xylol,  and 
covered. 

TTiere  are  several  advantages  in  a  study  of  this  kind,  in  section 
ing  celloidin-embedded  embryos  free-hand  in  oil.  The  cord  can 
be  turned  so  that  sections  may  be  cut  through  any  plane.  Sec- 
tioning is  done  more  rapidly  than  with  a  microtome,  and  much 
time  is  saved.  It  is  easy  to  make  transverse,  sagittal  and  frontal 
sections  from  any  region  of  the  same  cord.  The  block  can  be 
examined  with  a  lens,  during  the  sectioning,  and  any  particular 
vessel  or  vessels  included  in  a  section.  Also,  sections  may  be 
made  of  different  shapes. 

BLOOD-VESSELS  OF  THE  NEAR  FULL-TERM  FETUS 

In  order  to  determine  as  near  as  possible  the  arrangement  of 
the  blood-vessels  of  the  spinal  cord  in  the  adult  condition,,  a 
number  of  fetal  pigs,  near  full-term,  were  injected  and  their 
apinal  cords  dissected  out  for  study.  Although  these  showed  some 
variation  in  the  blood-vessels,  as  is  to  be  expected,  a  general 
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plan  was  to  be  observed.  The  following  description  is  of  the  typi- 
cal condition  found  in  the  blood-vesseb  in  and  around  the  spinal 
cord  of  pigs  of  about  240  mm.  in  length: 

The  terminology  used  by  Kadyi  ( '89)  for  the  blood-vessels  of 
the  adult  human  cord  will  be  referred  to  frequently. 

On  the  surface  of  the  cord  at  this  stage  are  four  main  longitudi- 
nal arterial  systems  which  are  located:  one,  median  on  the  ventral 
surface;  one,  on  each  dorso-lateral  surface;  and  one  median  on 
the  dorsal  surface. 

The  vertebro-medullary  branches  of  the  dorsal  segmental 
arteries  approach  the  cord  laterally  and  each  divides  into  a  dorsal 
and  a  ventral  branch  termed  the  posterior  and  ventral  radical 
arteries  respectively  (figs.  1  and  2).  The  latter  reach  the  cord 
along  the  cranial  surface  of  the  spinal  nerves  and  ganglia,  and,  on 
the  cord,  run  cranially.  They  may  be  equally  distributed  to  the 
two  sides  of  the  cord  and  to  the  different  regions  of  it,  or  some 
regions  may  have  more  than  others.  They  average  eighteen  in 
number.  The  ventral  and  dorsal  radical  arteries  have  lost  their 
connection  with  the  vertebro-medullary  artery  in  places  and 
extend  between  the  artery  on  the  ventral  surface  of  the  cord  and 
one  of  those  on  the  dorso-lateral  surfaces. 

Soon  after  reaching  the  cord  each  ventral  radical  artery 
branches,  giving  off  one  ramus  which  courses  cranially,  and  an- 
other which  extends  caudally.  These  divisions  anastomose  with 
those  of  neighboring  ventral  radicals,  on  the  same  or  opposite  side 

Fig.  1'  Vcntr&l  surface  of  the  middle  thoracis  region  of  the  spinal  cord  of  a 
fetal  pig,  240  mm.  in  length.  A.S.A.,  anterior  spinal  art«ry;  A,R.V.,  ventral 
radical  artery;  T.A.P.,  acceasory  anterior  spinal  artery  (remains  of  primitive 
arterial  tract);  V.R.V.,  vontral  radical  vein;  V.S.A.,  anterior  spinal  vein;  C.P., 
capillary  plexus.     X  6. 

Fig.  2  Dorsal  surface  of  the  same  part  of  the  cord  shown  in  figure  1.  A.M.D,, 
median  dorsal  artery;  A.P.L.,  dorso-lateral  artery;  A.B.D.,  doraal  radical  art«ry; 
V.M.D.,  median  dorsal  vein;  V.P.L.,  dorso-lateral  vein  and  plexus;  V.R.D.,  dorsal 
radical  vein;  V.L.,  dorso-lateral  venous  plexus.     X  10. 

'  The  figures  in  this  paper,  except  numbers  3  anil  4,  were  drawn  with  a  camera 
lucida.  The  size  of  the  embryos  is  the  greatest  length,  tm  measured  in  75  per  cent 
alcohol. 
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of  the  cord,  and  form  in  this  way  the  anterior  spinal  artery,  which 
lies  in  or  near  the  median  ventral  line.  Occasionally  a  radical 
artery,  instead  of  dividing,  goes  across  the  cord  and  joins  the 
cranial  or  caudal  ramus  of  the  one  on  the  opposite  aide.  The 
anterior  spinal  artery  has  a  winding  course,  bending  laterally  to 
meet  the  vessels  which  form  it,  and  making  many  smaller  irregular 
bends  to  one  side  or  the  other.  In  some  places  it  may  lie  to  one 
side  of  the  mid-line  for  several  segments  and  where  this  occurs 
there  are  found  numerous  longitudinal  rami  of  the  anterior  spinal 
artery,  or  the  cranial  and  caudal  divisions  of  the  ventral  radicals. 
These  may  be  called  accessory  anterior  spinal  arteries,  and  are 
sometimes  present  even  where  the  anterior  spinal  artery  lies  in 
the  mid-line.  Here  they  are  located  between  this  vessel  and  cord, 
at  the  lip  of  the  ventral  median  fissure.  They  are  the  remnants 
of  the  "tractus  arteriosus  primitivus"  of  Sterzi, 

The  dorsal  radicular  rami  of  the  vertebro-medullary  arteries 
are  much  more  numerous  than  the  ventral  ones.  They  course 
dorsally  along  the  cord  and  in  a  shghtly  cranial  direction,  to  a 
plane  just  ventral  to  the  emergence  of  the  dorsal  roots  of  the 
spinal  nerves,  where  they  divide  into  two  rami,  one  extending 
cranially  and  one  caudally.  Each  of  these  rami  anastomoses  with 
the  one  of  the  adjacent  segment,  and  thus  there  is  formed  on 
either  side  an  irregular  longitudinal  vessel,  the  dorso-lateral 
artery  (fig.  2;  tractus  arteriosus  postero-lateralis  of  Kadyi). 
From  this  artery  recurrent  rami  supply  the  dorsal  nerve  roots  and 
spinal  ganglia,  and  the  lateral  surface  of  the  cord.  Other  rami, 
two  or  three  in  each  segment,  and  much  larger  than  the  above, 
run  dorsally  and  by  longitudinal  anastomoses  with  each  other, 
and  with  similar  rami  from  the  opposite  side,  form  an  artery  in  the 
mid-dorsal  line  which  may  be  termed  the  median  dorsal  artery. 

Very  small  rami  from  the  dorso-lateral  arteries  nm  ventrally 
along  the  cord  and  unite  with  others  from  the  anterior  spina! 
artery,  forming  a  plexus  on  the  ventral  and  lateral  sides.  These 
ventral  rami  of  the  dorso-laterals  anastomose  freely  in  a  longitudi- 
nal direction  and  form  one  or  more  small  longitudinal  arteries 
between  the  ventral  and  dorsal  nerve  roots  in  some  parts  of  the 
cord.     These  are  the  tracti  arteriosi  lateraies,  and  ventro-later- 
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ales,  of  Kadyi.  Still  other  smal!  rami  from  the  dorso-lateral  and 
median  dorsal  arteries  form  a  capillary  plexus  on  the  dorsal  and 
dorso-lateral  surfaces  of  the  cord.  In  a  few  places  along  the  cord 
the  dorso-lateral  arteries  are  double,  one  division  lying  dorsal  to 
the  dorsal  nerve  roots,  and  corresponding  perhaps  to  the  "tractiis 
arteriosus  posterior"  of  Kadyi. 

The  median  dorsal  artery  is  a  very  irregular  longitudinal  vessel 
formed  by  the  dorsal  rami  of  the  dorso-lateral  arteries,  as  described 
above.  In  places  it  is  double  or  may  show  a  longitudinal  capillary 
arrangement.  Many  of  its  lateral  rami  anastomose  longitudinally 
forming  small  arteries  parallel  with  the  median  dorsal  artery 
(fig.  2).  This  is  also  true  of  the  dorsal  rami  of  the  dorso-laterals. 
By  the  anastomoses  of  the  rami  of  the  various  arteries  just  de- 
scribed, the  entire  cord  is  surrounded  by  an  arterial  vascular 
system,  and  from  all  parts  of  this  network  smaller  arteries  pene- 
trate its  substance. 

The  veins  of  the  spinal  cord  are  in  three  principal  longitudinal 
systems,  and  other  smaller  ones.  Of  the  three,  two  are  dorsal 
and  one  ventral.  All  three  show  evidence  of  their  capillary  origin. 
The  anterior  spinal  vein  is  the  smallest  of  the  three  (fig.  I).  It 
lies  between  the  cord  and  the  arteries,  in  the  median  ventral  line. 
It  is  larger  than  the  accessory  anterior  spinal  arteries,  but  never 
attains  the  size  of  the  anterior  spinal  artery  proper.  It  is  very 
irregular  and  in  some  regions  is  entirely  replaced  by  a  narrow  net- 
work of  capillaries. 

On  either  side  of  the  median  ventral  sulcus,  the  cord  is  covered 
with  large  venules,  some  of  which  lie  between  the  cord  and  the 
arteries,  and  some  of  which  are  external  to  the  latter.  They  are 
often  two  or  three  times  as  large  as  the  arterioles  to  which  they 
correspond.  They  anastomose  freely  with  the  anterior  spinal 
vein  and  empty  laterally  into  the  ventral  radical  veins  which  are 
in  close  relation  with  the  ventral  nerve  roots  and  ventral  radical 
arteries,  but  which  are  much  more  numerous  than  the  latter,  one 
being  present  on  nearly  every  nerve  root.  They  drain  blood  also 
from  the  lateral  surface  of  the  cord.  Their  ventral  and  dorsal 
rami  often  form  short,  small,  longitudinal  veins  by  anastomoses, 
some  of  which  in  other  animals  have  been  named,  antero-lateral, 
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etc.  The  blood  from  the  anterior  spinal  veins  and  venous  capil- 
liu-ies  of  the  general  ventral  surface  form,  in  places,  transverse 
channels  which  are  perhaps  lai^e  enough  to  be  called  veins. 

On  either  side  of  the  dorsal  surface  of  the  cord  there  extends 
longitudinally  a  large  irregular  vein,  the  dorso-lateral,  about  half 
way  between  the  artery  of  the  same  name,  and  the  median  dorsal 
artery.  Some  parts  of  these  vessels  and  their  rami,  like  the  ven- 
tral venous  capillaries,  lie  external  to  the  arteries  and  some  internal 
to  them.  They  are  the  largest  vessels  on  the  cord  with  the  excep- 
tion of  the  anterior  spinal  artery  (compare  figs,  1  and  2).  Dor- 
sally  these  veins  are  united  through  large  capillaries,  and  blood 
leaving  the  cord  in  the  median  line  may  flow  either  to  the  right  or 
left.  Half  way  between  two  consecutive  nerve  roots  the  dorso- 
lateral veins  usually  break  up  into  many  divisions  so  that  each 
may  be  seen  to  drain  blood  from  adjacent  halves  of  two  segments. 
Laterally  they  empty  through  one  or  more  divisions  into  the  large 
dorsal  radical  veins,  one  of  which  lies  upon  each  dorsal  nerve 
root  (fig.  2). 

A  foiu^h  longitudinal  venous  system,  smaller  than  the  three 
described,  lies  in  the  median  dorsal  sulcus.  It  resembles  the 
dorso-lateral  veins  except  that  it  is  more  irregular,  and  in  places 
it  may  be  entirely  lacking.  Its  lateral  rami  empty  in  the  dorsal 
venous  capillary  plexus  or  directly  through  larger  vessels  into  the 
dorso-lateral  veins.  It  may  be  termed  median  dorsal  venous 
system. 

Some  of  the  venous  capillaries  of  the  lateral  surface  drain  into 
the  dorso  radical  veins,  some  into  the  dorso-lateral  veins,  and  some 
into  ventro  radical  veins,  and  all  these  vessels  together  with  the 
anastomoses  of  the  veins  on  the  ventral  and  dorsal  surfaces  al- 
ready mentioned  above,  completely  surround  the  cord  with  a 
venous  system,  corresponding  to  the  system  described  for  the 
arteries. 

Of  the  arteries  entering  the  cord,  the  largest  are  those  in  the 
ventral  fissure,  the  ventral  central  arteries,  which  form  two  nearly 
parallel  rows,  but  which  are  not  paired.  They  arise  from  the 
anterior  spinal  arteries,  or  the  accessory  anterior  spinal  arteries. 
They  show  evidence  of  the  capillary  origin  in  longitudinal  anas- 
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tomoses  found  between  vessels  of  the  same  side.  These  anas- 
tomoses are  numerous  in  the  fissure,  particularly  near  the  vessels 
from  which  the  ventral  central  arteries  arise. 

The  ventral  central  arteries  vary  considerably  in  size,  some  being 
as  large  as  the  vessels  they  arise  from  and  others  much  smaller 
(fig.  3).  The  course  of  the  smaller  vessels  is  usually  more  irregu- 
lar than  that  of  the  latter.  They  pierce  the  substance  of  the  cord 
at  different  levels,  some  entering  near  their  origin  and  others 
extending  some  distance  into  the  fissure.  Their  general  course 
is  dorso-lateral,  but  those  entering  near  the  mouth  of  the  fissure 
may  bend  very  sharply  to  the  side  and  enter  the  ventral  horn  of 
the  gray  substance.  The  others  course  more  dorsally  nearly  to 
the  level  of  the  central  canal  where  they  make  a  decided  lateral 
bend,  and  divide  into  two  or  more  rami,  although  sometimes  they 
give  off  rami  more  ventrally  than  this  (figs.  3  and  4),  The  princi- 
pal divisions  of  these  arteries  extend  in  a  longitudinal  plane,  and 
anastomose  with  similar  rami  of  adjacent  vessels.  They  also  give 
off  smaller  arteries  and  capillaries  which  ramify  through  the 
gray  matter  in  all  directions,  helping  to  form  a  dense  plexus.  The 
longitudinal  arteries  tend  to  form  loops  after  they  have  coursed 
in  one  direction  for  a  short  distance,  as  they  do  in  young  embryos 
(fig.  5).  One  artery  may  form  several  such  loops,  producing  as 
many  longitudinal  vessels,  each  succeeding  vessel  lying  dorsal  or 
lateral  to  the  last,  and  of  a  lesser  caliber.  These  smaller  longi- 
tudinal vessels  anastomose  with  each  other  ventro-dorsally  and 
laterally  by  rami  which  usually  leave  them  at  right  angles,  and 
also  anastomose  with  rami  from  vessels  other  than  the  ventral 
central  arteries,  as  will  be  described  later. 

Besides  the  rami  of  the  central  arteries  just  described,  other 
rami  extend  farther  laterally  into  the  gray  substance  before 
branching.  Some  of  these,  instead  of  forming  longitudinal 
vessels,  form  small  irregular  ones  which  ramify  through  the  gray 
matter  in  all  directions,  anastomosing  with  similar  vessels  from 
other  arteries  in  this  region  and  forming  a  dense  capillary  plexus 
in  the  ventral  and  dorsal  horns. 

Other  arteries,  smaller  than  the  ventral  central  arteries,  enter 
the  cord  from  the  dorsal  median  sulcus  and  course  ventrally  and 
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laterally  to  the  dorsal  horns  of  the  gray  substance.  Here  they 
form  still  smaller  vessels  resembling  to  some  extent  those  formed 
by  the  ventral  central  arteriea,  but  most  of  their  rami  are  short 
and  do  not  extend  longitudinally.  These  may  be  called  the  dorsal 
central  arteries,  but  they  are  more  similar  to  the  peripheral  arteries 
from  other  surfaces  of  the  cord,  than  to  the  ventral  centrals,  and 
perhaps  should  be  called  dorsal  peripheral  arteries.  They  give* 
off  many  small  lateral  rami  in  the  white  substance  and  m  the  outer 
part  of  the  gray  substance. 

In  addition  to  these  vessels,  other  small  arteries  enter  the  cord 
from  all  sides,  from  the  arteries  and  arterioles  which  surround  it. 
These  are  the  peripheral  arteries  referred  to  above.  They  are 
very  numerous  and  in  a  single  thick  cross  section  as  many  as  fifty 
or  sixty  of  them  may  be  counted.  They  give  off  short  rami  in 
the  white  layer  of  the  cord  and  extend  into  the  gray  layer.  These 
rami  branch  and  anastomose  and  form  a  loose  capillary  network. 
The  vesseb  entering  the  gray  substance  enter  into  the  longitudinal 
plexus  already  described  and  give  off  lateral  rami  which  branch 
freely  and  anastomose. 

The  longitudinal  vessels  which  arise  from  the  ventral  central 
arteries  are  quite  large,  but  the  other  vessels  formed  from  these 
trunks,  and  those  formed  from  the  dorsal  central  and  peripheral 
arteries,  are  much  smaller.  A  very  thick  section  presents  a 
picture  of  an  inner  core  of  longitudinal  vessels  with  other  vessels 
extending  into  it  at  right  angles  from  all  points  on  the  periphery 
of  the  cord  (figs.  3  and  4). 


Fig.  3  Sagittal  section  from  the  lower  thoracic  region  of  the  epinal  cord  of  ft 
240mm,  fetal  pig.  A.S.A.,  ant«rior spinal  artery;  A.C.A.,  ventral  central  artery; 
A.P.,  peripheral  artery;  A.C.P.,  dorsal  central  artery;  V.S.A.,  anterior  Bpinai 
vein;  V.C.A.,  ventpal  central  vein;  V.C.P.,  dorsal  central  vein;  V.P.,  peripheral 

Fig.  4  Transverse  section  through  the  lower  thoracic  region  of  the  spinal  cord 
of  a  240  mm.  fetal  pig.  A.S.A.,  anterior  spinal  artery;  A.P.,  peripheral  artery; 
A.,  artery;  A.C.A.,  ventral  central  artery;  S.A.S.A.,  accessory  anterior  spinal 
artery;  A.P.L.,  dorso-lateral  artery;  A.M.D.,  median  dorsal  artery;  A.S.V., 
anterior  spinal  vein;  V.,  vein;  V.P.,  peripheral  vein;  V.P.L.,  dorso-laterai  vein; 
V.M.D.,  median  dorsal  vein.     X  35. 
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DEVELOPMENT  OF  THE  BLOOD-VESSELS 

The  early  development  of  the  anterior  spinal  artery  has  been 
described  by  Evans  ('09)  and  Sterzi  ('04). 

Some  pig  embryos  of  12  nmi.  show  a  fairly  well  developed 
anterior  spinal  artery,  while  in  others  of  14  or  15  mm.  it  is  just 
beginning  to  form.  Although,  after  this  vessel  is  once  formed,  it 
does  not  undergo  marked  changes,  there  is  some  modification. 
For  example,  the  ventral  radical  arteries  meet  it  at  right  angles 
or  nearly  so,  until  the  embryo  is  40  or  45  mm.  in  length.  There- 
after, the  growth  of  the  cord  and  the  fixed  position  of  the  radicals 
seem  to  cause  the  artery  to  be  pulled  laterally  by  the  radicals,  and 
a  gradually  decreasing  angle  is  formed  at  the  points  where  the 
radicals  meet  it  (fig.  1). 

As  the  embryo  grows,  the  number  of  radical  arteries  continues 
to  decrease  even  after  the  anterior  spinal  artery  is  well  formed. 
This  seems  to  be  true  until  the  embryo  reaches  the  length  of  about 
100  mm. 

Some  of  the  arterial  capillaries  on  the  ventral  surface  of  the 
spinal  cord  are  continuous  with  the  anterior  spinal  artery  directly, 
or  indirectly  through  remains  of  the  tractus  arteriosus  primitivus, 
and  others  are  continuous  with  the  capillaries  of  the  lateral  sur- 
faces of  the  cord. 

A  dorso-lateral  artery  is  formed  in  the  capillary  plexus  on  each 
of  the  lateral  surfaces  of  the  cord,  just  ventral  to  the  point  of 
emergence  of  the  dorsal  nerve  roots.  The  dorsal  radical  arteries 
branch  in  this  region  and  give  off  dorsal  and  lateral  rami,  which 
are  continuous  with  the  lateral  capillaries  just  mentioned.  A 
very  irregular  longitudinal  vessel  develops  where  certain  of  these 

Fig.  5  Tranaverae  section  through  the  mid  thoracic  iregion  of  the  spinal  cord 
of  an  11  nun.  pig  embryo.  T.A.P.,  primitive  arterial  tract;  R.D.T.A.P.,  R.L. 
T.A.P.,  R.M.,  doreal,  lateral,  and  medial  rami  of  the  primitive  arterial  tract; 
A.V.M.,  vertebro-medullary  artery;  A.R.V.,  A.R.D.,  ventral  and  dorsal  radical 
arteries;  C.R.,  Ct.R.,  D.R.,  V.R.,  caudal,  cranial,  dorsal  and  ventral  rami  of  the 
dorsal  radical  artery;  D.P.,  D.L.P.,  dorsal  and  dorso-lateral  capillary  plexuses; 
D.L.C.G.,  V.L.C.G.,  dorso-lateral  and  ventro-lateral  groups  of  peripheral  capil- 
laries; V.L.V.P..  ventro-lateral  venous  plexus;  V.R.V.,  V.R.D.,  ventral  and  dorsal 
radical  veins;  S.P.G.,  spinal  ganglion;  V.N.R.,  D.N.R.,  ventral  and  dorsal  nerve 
roots;  S.N.,  spinal  nerve.    X  200 
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capillaries  increase  in  size,  perhaps  on  account  of  the  increased 
pressure  from  the  dorsal  radical  arteries.  This  longitudinal  vessel 
is  indicated  in  embryos  of  12  mm.  and  is  quite  strongly  developed 
in  embryos  of  15  to  18  mm.  In  these  stages  it  seems  to  dip  ven- 
trally  to  meet  the  approaching  radicals,  as  pointed  out  by  Sterzi 
for  the  sheep  {'04).  As  the  embryo  grows,  this  dorso-lateral 
artery  becomes  more  and  more  regular.  It  is  stiU  somewhat  ir- 
r^ular  in  embryos  of  60  mm.  but  quite  regular  in  those  of  75  mm. 
The  dorso-lateral  artery  never  attains  the  size  of  the  anterior 
spinal  nor  is  it  ever  so  regular  in  its  course.  In  places  it  may  de- 
velop as  two  or  more  vessels,  but  these  are  always  smaller  than 
the  single  artery.  The  dorso-lateral  arteries  are  each  continuous 
with  the  capillaries  of  half  the  cord  in  the  early  stages,  but  as  the 
cord  increases  in  size  they  supply  directly  only  the  dorso-lateral 
surface. 

The  capillary  network  on  the  lateral  surface  of  the  cord  is  at 
first  continuous  with  that  extending  through  the  mesenchyma 
of  this  region  as  far,  laterally  and  dorsally,  as  the  myotomes  and 
body  wall  respectively.  In  later  stages  when  the  membranes  of 
the  cord  begin  to  develop,  the  connections  between  the  vessels  of 
the  cord  and  those  in  the  mesenchyma  around  it  are  lost. 

The  median  dorsal  artery  is  the  last  of  all  the  vessels  on  the  cord 
to  develop.  In  pigs  of  30  mm.  it  is  still  very  irregular  and  indefi- 
nite, and  is  entirely  lacking  in  places,  although  the  vessels  which 
go  to  form  it,  the  dorsal  rami  of  the  dorso-lateral  arteries,  may  be 
seen  in  embryos  of  20  mm.  In  pigs  of  45  mm.  it  is  quite  definite, 
lying  in  or  near  the  mid  line  of  the  dorsal  surface,  as  described 
above  for  the  240  mm.  embryo  It  never  becomes  very  regular, 
and  in  pigs  of  100  mm.  it  resembles  the  condition  seen  in  the  pig 
of  240  nun.  It  is  continuous  with  the  arterial  capillaries  of  the 
dorsal  surface  of  the  cord  and  with  the  dorso-lateral  arteries. 

In  addition  to  these  main  arterial  trunks  there  develop  on  vari- 
ous parts  of  the  cord,  especially  on  the  lateral  surfaces,  short 
loi^tudinal  arteries.  These  are  never  large  or  regular.  They 
have  been  described  in  connection  with  adult  human  cord  under 
the  terms  "tractus  arteriosus;  ventro-lateralis,  posterioris,  and 
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lateralis"  (Kadyi).  Of  these,  the  "tractus  arteriosus  posterior" 
ia  the  most  prominent  and  corresponds  to  the  description  in  this 
paper  of  parts  of  the  dorso-lateral  artery,  where  it  sometimes  has 
two  divisions,  one  of  which  runs  dorsal  to  the  dorsal  nerve  roots 
and  the  other  ventral  to  them.  The  dorsal  divisions  are  evidently 
the  same  as  this  '  tractus. ' 

The  veins  on  the  cord  develop  in  much  the  same  way  as  do  the 
arteries.  The  ventro-lateral  surface  of  the  cord  in  very  young 
embryos  is  covered  with  capillaries^  and  these  are  continuous  later- 
ally with  the  capillaries  in  the  mesenchyma  round  the  neural 
tube.  Medially  they  become  continuous  with  the  lateral  rami  of 
the  primitive  arterial  tract.  When  this  tract  becomes  separated 
from  the  cord  by  the  ingrowth  of  mesenchyma,  these  capillaries 
send  medial  outgrowths  between  the  tract  and  the  cord,  as  seen 
in  embryos  of  12  to  15  mm.  Dorsally  they  grow  along  the  cord 
and  spread  over  the  dorso-lateral  surface  (pigs  of  6.2  mm.)  and 
later  over  the  dorsal  surface  (pigs  of  7,5  mm,).  Laterally  they 
spread  over  the  ganglia. 

From  the  ventral  surface,  the  blood  draining  away  through  the 
capillaries  soon  establishes  segmental  vessels,  the  ventral  radical 
veins,  which  course  laterally  along  the  nerve  roots.  Each  radical 
vein  on  one  side  drains  adjacent  halves  of  two  segments.  These 
receive  blood  from  the  capillaries  of  the  ventral,  lateral,  and 
ventro-lateral  surfaces.  Lying  in  the  ventral  median  fissure  in 
young  embryos,  small  longitudinal  veins  may  be  seen  in  different 
regions  of  the  cord,  and  in  embryos  of  25  to  30  mm.  a  fairly  definite 
longitudinal  vessel  may  be  found  here.  This  vessel  in  still  older 
embryos  becomes  a  more  definite  trunk  and  may  be  called  the 
anterior  spinal  vein.  It  never  attains  the  size  of  the  anterior 
spinal  artery.     Laterally  it  drains  into  the  ventral  radical  veins. 

Some  of  the  ventral  and  lateral  capillaries  of  the  younger  em- 
bryos, early  become  differentiated  into  veins.  This  is  especially 
true  of  the  dorsal  vessels.  From  these,  some  of  the  blood  drains 
laterally  out  through  vessels  in  the  mesenchyma  to  the  myotomes. 
A  pig  of  6.2  nun.  shows  three  planes  in  which  this  occurs,  one  on 
a  level  with  the  dorsal  surface,  one  just  above  the  level  of  the  ven- 
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tral  surface,  and  one  about  half  way  between  the  other  two.  At 
the  myotomes  the  blood  drains  ventrally  into  the  intersegmental 
veins.  Some  of  the  capillaries  of  the  lowest  of  these  three  planes, 
which  drain  the  blood  from  the  lateral  surface  of  the  cord  and  from 
the  ganglia,  soon  become  large  and  are  called  the  vertebro- 
medullary  veins,  one  pair  of  which  is  formed  for  each  segment.  In 
older  embryos  they  course  along  the  spinal  nerves  with  the  verte- 
bro-medullary  arteries.  They  receive  the  blood  from  the  ventral 
and  dorsal  radical  veins.  The  former  have  been  described.  The 
latter  develop  along  the  sides  of  the  ganglia  in  the  capillaries 
already  mentioned.  At  first  they  carry  only  a  part  of  the  blood 
from  the  dorsal  surface  of  the  cord,  but  later  {pigs  of  25  nun.)  they 
carry  practically  all  of  it.  They  are  more  numerous  than  the 
corresponding  ventral  radicals,  and  are  found  in  every  segment. 

The  venous  capillaries  of  the  dorsal-lateral  surface  on  either  side 
draining  toward  the  nerve  roots  early  establish  longitudinal  veins. 
These  are  only  about  half  as  long  as  a  segment  of  the  cord.  Fig- 
ure 5  of  an  11  mm.  pig,  shows  an  indifferent  plexus  on  this  sur- 
face, but  in  15  to  17  mm.  embryos,  fairly  definite  vessels  may  be 
seen.  These  become  more  and  more  regular  as  the  animal 
develops,  and  as  embryos  of  50  to  60  mm.  show,  they  form  a 
venous  system  on  either  side  of  the  cord  just  dorsal  to  the  dorsal 
nerve  roots,  much  like  that  described  for  the  240  mm.  stage. 
These  systems  constitute  the  dorso-lateral  veins  (fig.  2) . 

The  first  blood  vessels  entering  the  cord  grow  in  as  capillaries 
from  the  ventral  surface.  Sterzi  {'04)  reports  vessels  in  the  cord 
of  a  sheep  of  5,5  mm.,  but  they  were  not  apparent  in  the  cord  of 
pig  embryos  of  less  than  7.5  mm.  These  vessels  are  the  dorsal 
rami  of  the  primitive  arterial  tracts,  of  the  lateral  rami  of  these 
tracts,  and  of  the  other  capillaries  near  the  median  Une.  They  are 
the  first  indications  of  the  central  arteries  and  veins.  They  form 
two  nearly  parallel  rows,  one  on  either  side  of  the  ependymal  layer, 
or  some  of  them  may  lie  in  this  layer.  They  grow  dorsally  about 
half  way  to  the  dorsal  surface  of  the  cord.  They  exhibit  numerous  . 
longitudinal  anastomoses  and  form  a  plexus  along  the  ateral  side 
of  the  ependymal  layer  in  each  half  of  the  cord.  These  are  true 
capillaries  at  first,  but  soon  differentiate  into  arteries  and  veins. 
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Tbose  coming  directly  from  the  primitive  arteriftl  tracts  all  become 
uteries,  while  those  coming  from  the  vessels  lateral  to  the  tract 
may  become  either  veins  or  arteries.  >. 

In  embryos  of  9.5  mm.  another  group  of  capillaries  may  be  seen 
to  have  entered  the  cord.  These  come  from  the  lateral  surface,' 
attending  medially  nearly  to  the  central  canal.  Later  they  anas- 
tomose ventro-dorsally  and  longitudinally,  among  themselves 
and  with  the  vascular  sprouts  from  the  ventral  surface. 

The  vessels  in  the  cord  of  a  pig  of  11  mm.  present  the  following 
characteristics,  as  shown  in  figure  5.  Rami  from  the  primitive 
arterial  tract  may  anastomose  with  those  from  the  ventral  capil- 
laries. Neighboring  vessels  of  the  same  kind  anastomose  freely 
and  give  off  lateral  rami  into  the  anlagen  of  the  ventral  horns  of 
gray  substance.  These  rami  branch  and  anastomose  with  each 
other  and  form  loops  which  anastomose  with  the  central  vessels 
from  which  they  arise,  or  with  neighboring  vessels.  In  a  plane 
just  above  the  anlagen  of  the  ventral  horns  each  of  the  central 
vessels  ends  blindly,  or  divides  into  a  caud^  and  a  cranial  ramus, 
which  anastomose  with  adjacent  similar  rami  and  form  irregular 
longitudinal  vessels.  By  other  anastomoses  among  the  central 
vessels,  a  longitudinal  plexus  is  formed,  which  covers  very  com- 
pletely the  tower  half  of  the  lateral  side  of  the  ependymal  layer. 

A  comparison  of  figures  3  sud  5  shows  how  closely  the  form  and 
arrangement  of  these  capillaries  corresponds  to  that  oi  the  future 
central  arteries  and  veins.  Besides  these  main  capillaries  two 
smaller  lateral  groups  are  present  at  this  stage,  liiese  may  be 
called  the  ventro-  and  dorso-lateral  groups,  and  later  form  periph- 
eral arteries  and  veins.  Both  groups  enter  the  cord  from  the 
capillaries  on  the  lateral  surface  between  the  dorsal  and  ventral 
nerve  roots.  The  ventro-later^  group  enters  at  the  level  of  the 
dorsal  extremities  of  the  central  vessels,  and  courses  medially 
and  anastomoses  with  them.  Occasionally  the  ventro-lateral 
group  gives  off  rami  which  extend  into  the  anlagen  of  the  ventral 
horns.  The  capillaries  of  the  dorso-lateral  group  are  confined  to 
the  dorsal  two-fifths  of  the  cord,  and  although  they  anastomose 
with  each  other  at  this  stage,  they  do  not  anastomose  with  the 
central  or  ventro-lateral  capillaries.    They  course  medially  and 
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dorsaily  along  the  ependyma,  ending  blindly  or  forming  loops, 
but  do  not  reach  the  dorsal  surface. 

As  development  proceeds,  the  lateral  groups  of  capillaries 
riiown  in  figure  5  spread  dorsaily  and  ventrally  and  capillaries 
enter  the  cord  from  the  periphery.  With  the  exception  of  the 
above-mentioned  dorso-lateral  group  of  capillaries,  all  the  vessels 
enterii^  the  sides  of  the  cord  grow  toward  a  common  center, 
namely,  an  aiea  on  the  lateral  border  of  the  ependyma  about  half 
way  between  the  dorsal  and  ventral  surfaces.  The  dorso-lateral 
group  of  capillaries  which  are  shown  in  the  same  figure  send  rami 
toward  ttus  center  after  the  embryo  attains  the  length  of  14  mm. 

The  vessels  from  the  dorsal  surface  grow  ventrally  along  the 
ependyma  and  unite  with  the  dorsal  rami  of  the  primitive  artoial 
tract.  This  tmion  continues  the  plexus  on  the  lower  part  of  the 
ependyma  dorsaily  so  that  the  ependyma  except  below  the  floor- 
plate  and  above  the  roof-plate,  is  entirely  surrounded  by  a  capil- 
lary plexus.  A  thick  transverse  section  of  the  cord  of  an  embryo 
of  25  mm.  shows  this  plexus  with  nimierous  vessels  extending 
from  it  laterally  at  right  angles.  These  lateral  vessels  are  joined 
together  by  dorso-ventral  rami.  This  picture  is  characteristic 
of  the  cord  until  the  embryo  reaches  the  length  of  30  or  35  mm. 
when  it  is  changed  by  other  peripheral  vessels  meeting  the  epen- 
dymal  plexus  obliquely  and  by  the  branching  of  the  vessels  in  the 
anlage  of  the  gray  substance. 

By  this  time  the  central  arteries  from  both  the  ventral  surface 
(ventral  central  arteries)  and  from  the  dorsal  surface  (dorsal 
central  *or  dorsal  peripheral  arteries)  have  become  qiute  large, 
althoi^  the  latter  do  not  nearly  equal  the  size  of  the  former. 
The  ventral  central  arteries  have  formed  more  longitudinal  loops 
similar  to  those  shown  in  figure  5.  Tliey  are  separated  more 
and  more  from  each  other,  owit^  to  the  growth  of  the  cord,  and 
as  this  separation  continues  the  longitudinal  vessels  grow  in  length. 

In  embryos  of  35  to  40  mm.  in  length  the  periphery  arteries 
from  all  sides  together  with  the  lateral  rami  of  the  central  arteries 
have  formed  a  dense  plexus  in  the  gray  substance,  although  the 
white  substance  contains  only  the  peripheral  arteries  running 
through  it,  and  the  short  branchii^  rami  given  off  at  right  angles 
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from  them.  By  the  time  the  embryo  reaches  a  length  of  50  mm. 
the  capillaries  in  the  white  layer  have  much  the  same  appearance 
as  those  of  the  full  term  fetiia,  except  that  in  the  latter  they 
branch  and  anastomose  more  freely  and  the  growth  of  the  cord 
tends  to  separate  both  the  peripheral  vessels  and  the  central 
vessels.  Embryos  of  75  to  100  mm.  in  lei^th  show  the  arteries  in 
the  cord  quite  as  completely  developed  as  in  the  240  mm.  raibryo. 

The  posterior  rami  of  the  primitive  arterial  tract  'm  the  ventral 
part  of  the  cord  of  embryos  of  12  to  15  mm.  are  more  numerous 
than  the  central  arteries  in  the  240  mm.  embryo  which  are  formed 
from  them. 

The  veins  within  the  cord  develop  in  the  same  planes  as  the 
miseries,  and  from  the  same  plexus  of  capillaries  that  form  the 
latter.  They  may  be  called  the  central  and  peripheral  veins 
corresponding  to  the  similariy  named  arteries.  They  are  shown 
in  figures  3  and  4  in  a  fully  developed  condition. 


.  The  dorsal  rami  of  the  primitive  arterial  tract,  and  other  rami 
from  the  capillaries  in  its  immediate  vicinity  enter  the  cord, 
forming  an  imdifTerentiated  capillary  plexus  (%.  5)  and  this 
plexus  later  becomes  differentiated  into  arteries  uid  veins.  It 
was  not  found,  as  stated  by  Sterzi  for  the  sheep,  that  each  dorsal 
ramus  of  the  primitive  arterial  tract  grows  into  the  cord,  and 
forms  a  loop,  giving  rise  to  a  vein  which  grows  back  along  the 
artery  to  the  ventral  siuiace. 

The  dorsal  runi  of  the  primitive  arterial  tract  are  more  numer- 
ous than  the  ventral  central  arteries  which  develop  from  them. 

Sterzi  reports  solid  blood-vessels  in  the  cord  of  sheep  of  5.5  mm. 
and  hollow  ones  in  those  of  6.6  mm.  In  pig  embryos  the  blood- 
vessels within  the  cord  seemed  to  appear  first  as  hollow  vessels. 
These  are  seen  first  in  embryos  of  7.5  mm.  in  length. 

The  "tracti  arteriosi  laterales"  of  Sterzi,  are  the  dorso-lateral 
arteries  of  this  and  postero-lateral  of  other  papers,  and  are  the 
posterior  etpinal  arteries  of  human  descriptive  anatomy.  Evans 
shows  these  two  tracts  first  united  by  medial  anastomoses  in  a 
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pig  of  8.5  mm.  in  length,  but  mftny  such  anastomoBes  are  to  be 
foimd  in  embryos  as  small  as  7.5  mm.  in  the  cervical  and  thoracic 
regions,  and  one  specimen  of  6.2  mm.  showed  them  in  the  oervioal 
region. 

The  embryos  described  in  this  paper  show  the  mid-ventrai  and 
mid-dorsal  surfaces  of  the  cord  to  be  covered  with  blood-vessels 
at  a  somewhat  earlier  stage  than  has  been  described. 

As  rep<»>ted  by  Sterzi  ('04)  and  Evans  ('09),  blood-vessels 
first  appeiur  on  the  ventro-lateral  surface  <A  the  cord,  then  on 
the  ventral,  then  on  the  dorsolateral,  and  finally  on  the  dorsal 
surface. 

The  blood-vessels  on  the  cord  are  continuous  wilii  those  in  the 
meeenchyma  surrounding  it  until  the  membranes  of  the  cord  are 
formed. 

It  is  generally  stated  in  textbooks  of  human  anatomy  that  t^e 
spinal  artery  arises  from  the  vertebral  arteries,  and  is  reinforced 
by  segmental  spinal  arteries.  It  is  rather  to  be  considered  that 
this  artery  arises  from  the  segmental  spinal  arteries,  and  anasto- 
moses with,  or  is  reinforced  by,  the  vertebrala. 

"Die  term  median  dorsal  is  suggested  for  the  artery  presait  in 
places  in  the  median  dorsal  line  of  the  spinal  cord. 

My  thanks  are  due  to  Dr.  Richard  E.  Scammon  for  his  constant 
interest  in  the  progress  of  this  work,  and  for  his  many  helpful 
eriticisms. 
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PERSISTENT    ARTERIAE    BRACRII     SUPERFICIALIS, 
ANTIBRACHII  SUPERFICIALIS  ET  MEDIANA 

E.  R.  HOSKINS 
Prom  the  Inslilule  of  Anafomy,  UniveTsily  of  IHinn^ota 

ONE  FIGURE 

An  unusual  artery  found  in  the  left  arm  of  a  man  of  thirty-seven 
years  seems  worthy  of  record. 

The  vessel  emerges  from  the  axillaris  midway  between  the 
aa.  subscapularis  and  thoracalts  lateralis,  on  the  median  side. 
It  runs  in  the  deep  fascia  anterior  and  medial  to  the  a.  axil- 
laris, the  a.  brachialis  and  the  n.  medianus,  almost  to  the  middle 
of  the  humerus,  where  it  crosses  the  a.  brachiaUs  and  the  n. 
medianus,  to  enter  the  m.  biceps  brachii  from  beneath,  through 
two  large  divisions. 

It  gives  off  two  small  cutaneous  rami  in  the  lower  axillary 
and  upper  brachial  regions.  In  size  the  artery  is  about  two- 
thirds  that  of  the  normal  subscapularis  until  it  reaches  the  biceps 
muscle.  At  this  point  it  gives  rise  to  a  small  ramus  almost  at 
right  angles  to  it.  This  courses  lateral  and  anterior  to  the 
brachial  artery  in  the  deep  fascia,  becomes  superficial  at  the  el- 
bow, and  continues  anterior  to  the  ulna,  to  the  pahn.  Here  it 
enters  into  formation  of  the  arcus  volaris  superficialis,  tt^ether 
with  the  a.  ulnaris.  The  arch  has  no  connection  with  the  a. 
radialis. 

There  is  no  ramus  of  the  a.  ulnaris  or  a.  interossea  which  may 
be  called  an  a.  mediana.  The  a.  mediana  described  in  this 
paper  has  no  relation  to  the  n.  medianus,  which  is  placed  deep 
in  the  forearm. 

The  embryological  significance  of  the  artery  in  question  may 
be  derived  from  MuUer's'  figure  of  the  arteries  in  the  arm  of  an 

'MiUler  '03,  Anat.  Hefte,  Bd.  22,  Taf.  25-26.  fig.  9. 
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Fig.  1  Persistent  artcrite  brachii  super6cialis,  sDtibrachii  Huperfici&lis  et 
mediaDa.  The  rami  of  the  aa.  brachialia,  radialie  and  ulDaria  are  not  shown 
in  the  figure,  as  they  are  normal  except  for  the  two  diacrepaocies  noted. 

11.7  mm.  human  embryo  {'03).  Prom  this  figure  it  would  seem 
that  we  have  a  persistent  a.  brachialis  superficialis,  giving  rise 
to  an  a.  antibrachii  superficialis,  which  becomes  an  a.  mediana, 
but  all  anastomoses  with  the  a.  brachialis  have  been  lost.  As 
stated  by  some  texts  of  anatomy,  this  condition  is  one  that  is 
quite  rarely  found. 
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34-  On  the  development  of  Ike  digiUform  gland  in  Squalus  acanthiaa, 

E.  R.  HosKiNB,  Institute  of  Anatomy,  Univereity  of  Muinesota. 

The  digitifoim  gland  in  Aquatus  is  evidenced  iirst  by  a  slight  thick- 
ening of  the  entoderm  of  the  dorso-lateral  border  of  the  ^t  just  pos- 
terior to  the  spiral  valve.  This  may  be  seen  in  embryos  15  mm.  in 
length,  eepecitdly  In  those  sectioned  longitudinally.  The  thickening 
soon  pushes  laterally  to  form  a  hollow  bud  vf^it^b  turns  and  grows 
anteriorly  along  the  gut.  The  form  of  the  curved  portion  at  the  point 
of  emergence  from  the  gut  always  persists  so  that  in  older  st^es  and  in 
the  adult  this  portion  which  becomes  the  duct  of  the  gland  enters  both 
the  intestine  and  the  digitiform  gland  anteriorly. 

In  the  stage  of  28  mm.  it  may  be  seen  that  from  the  main  part  of  the 
gland  small  buds  resembling  the  original  form  of  the  gland  grow  laterally 
on  a'l  sides.  These  buds  become  tubules  extending  laterally  and  slightly 
posteriorly.  They  in  turn  give  rise  to  secondary  tubules  which  in  time 
form  irregular  groups  opening  into  the  primary  tubules.  Thb  condition 
is  to  be  found  throughout  development,  the  gland  becoming  a  compound 
tubular  structure,  the  secondary  tubules  arising  from  the  primary,  close 
to  the  main  lumen  of  the  gland. 

As  the  gland  develops,  it  carries  the  mesentery  of  the  intestine  with 
it  and  is  thus  support«d  from  the  dorsal  wall  of  the  body  cavity. 

The  entoderm  of  the  digitiform  gland  is  composed  at  first  of  four 
layers  of  low  columnar  or  cuboidal  cells  with  elongated  nuclei,  being 
similar  to  the  entoderm  of  the  gut  from  which  it  develops.  As  the  gland 
increases  in  length,  the  epithelium  is  gradually  reduced  to  one  layer 
i.i  thickness.  Its  primary  and  secondary  tubules  both  arise  as  stnictures 
of  an  epithelium  of  one  layer  of  cells.  At  the  points  of  greatest  growth, 
namely,  at  the  distal  ends  of  the  tubules  the  nuclei  ar^  wider  and  shortei 
than  along  the  main  lumen,  often  being  spherical. 

The  epithelium  lining  the  main  or  central  lumen  later  thickens  giv- 
ing us  a  structure  of  two  layers  of  columnar  cells  with  rounded  nuclei 
in  the  full-term  fetus  and  of  four  layers  in  the  adult. 
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INTRODUCTION 

By  C.  M.  JACKSON,  M.S.,  M.D. 


4  N ATOMY,  aa  the  term  is  usually  employed,  denotes  the  study  of  the 
l\  Btructure  of  the  human  body.  Properly,  however,  it  has  a  much  wider 
-^-L  significance,  including  within  its  scope  not  man  alone,  but  all  animal  forms, 
and,  indeed,  plant  forma  as  well;  so  that,  when  its  application  is  limited  to  man, 
it  should  be  qualified  by  the  adjective  human.  Human  Anatomy,  then,  is  the 
etudy  of  the  structure  of  the  human  body,  and  stands  in  contrast  to,  or  rather  in 
correlation  with.  Human  Physiology,  which  treats  of  the  functions  of  the  human 
body,  the  two  sciences,  Anatomy  and  Physiology,  including  the  complete  study 
of  man's  organization  and  functional  activities. 

In  the  early  history  of  the  sciences  these  terms  sufficed  for  all  practical  needs, 
but  as  knowledge  grew,  specialization  of  necessity  resulted  and  new  terms  were 
from  time  to  time  introduced  to  designate  special  lines  of  anatomical  inquiry. 
With  the  improvement  of  the  microscope  a  new  field  of  anatomy  was  opened  up 
and  the  science  of  Histology  came  into  existence,  assuming  control  over  that 
portion  of  Anatomy  which  dealt  with  the  minuter  details  of  structure.  So,  too, 
the  study  of  the  development  of  the  vfu'ious  organs  gradually  assumed  the 
dignity  of  a  more  or  less  independent  study  known  as  Embryology,  and  the  study 
of  the  structural  changes  due  to  disease  was  included  in  the  science  of  Pathology; 
so  that  the  term  Anatomy  is  sometimes  limited  to  the  study  of  the  macroscopic 
structure  of  normal  adult  organisnle. 

It  is  dear,  however,  that  the  lines  of  separation  between  Anatomy,  Hbtology, 
Embryology,  and  Pathology  are  entirely  arbitrary.  Microscopic  anatomy 
neces^nly  grades  off  into  macroscopic  anatomy;  the  development  of  an  organism 
is  a  progressive  process  and  the  later  embryonic  or  fcetal  stages  shade  gradually 
into  the  adult;  and  structural  anomalies  lead  insensibly  from  the  normal  to  the 
pathological  domains.  Furthermore  it  is  found  that  in  its  individual  develop- 
ment the  organism  passes  through  stages  corresponding  to  those  of  its  ancestiy 
in  evolution;  in  other  words,  Ontogeny  repeats  Phylogeny.  A  comprehensive 
study  of  Anatomy  must  therefore  include  more  or  less  of  the  other  sciences,  and 
since  on  appreciation  of  the  significance  of  structural  details  can  only  be  obtained 
by  combining  the  studies  of  Anatomy,  including  Histology  and  Embryology, 
and  fonce,  further,  much  light  may  be  thrown  on  the  significance  of  embryological 
stages  by  comparative  studies.  Anatomy,  Embryology,  and  Comparative  Anatomy 
form  a  biumvirate  of  sciences  by  which  the  structure  of  an  organism,  the  signi' 
Gcance  of  that  structure,  and  the  laws  which  determine  it  are  elucidated.  For 
this  combination  it  is  convenient  to  have  a  single  term,  and  that  which  is  used  is 
Morphology,  a  word  meaning  literally  the  science  of  form. 

la  morphological  compiirisoDB,  the  term  Homology  denotes  similarit;  of  structure,  due  to  a 
common  ongiii  in  the  eTolution  of  organs  or  parte;  while  analogy  denotee  merely  physiological 
correqioiidence  in  function.  Thue  the  arm  of  man  and  the  wing  of  a  bird  are  homologoua,  but 
not  fmalogoua,  stivcturea;  on  the  other  hand,  the  wing  of  a  bird  and  the  wing  of  an  insect  are 
aoalgoua,  Dut  not  homologous.  Seriid  homology  refers  to  corresponding  parts  in  succeBsive 
wgmentfi  of  the  body. 

nomenclature. — Formerly  there  was  much  confusion  in  the  anatomical 
nomenclature,  due  to  the  multiplicity  of  names  and  the  lack  of  uniformity  in 
uring  ihem.  Various  names  were  applied  to  the  same  organs  and  great  diversity 
of  usage  prevailed,  not  only  between  various  countries,  but  also  even  among' 
authors  of  the  same  country.  Recently,  however,  a  great  improvement  has  been 
made  by  the  general  adoption  of  an  international  ^stem  of  anatomical  nomen- 


2  INTRODUCTION 

clature.  This  Bystem  was  first  adopted  by  the  German  Anatomical  Society  at  a 
meeting  in  Basel,  in  1895,  and  is  hence  called  the  Basel  Nomina  Anatomica,  or 
briefly,  the  BNA.  The  BNA  provides  each  term  in  Latin  form,  wtiich  is  es- 
pecially desirable  for  international  usage.  Each  nation,  however,  is  expected  to 
translate  the  terms  into  its  own  language,  wherever  it  is  deemed  preferable  for 
everyday  usage.  Thus  in  the  present  work  the  Anglicised  form  of  the  BNA  is 
generally  used.  Where  not  identical,  however,  the  Latin  form  is  added  once  for 
each  term  in  a  place  convenient  for  reference,  and  is  designated  by  enclosure  in 
brackets  [  ].     Where  necessary  the  older  terms  have  also  been  added  as  anonyms. 

The  CommiaaioD  by  whom  the  BNA  was  prepared  inoIud«d  eminent  anatomista  repreaent- 
ing  various  European  nations.  The  work  of  the  Commission  was  very  thorough  and  oareful, 
and  extended  through  a  period  of  six  years.  Amon^  the  guiding  principles  in  the  difficult  task 
of  seleeting  the  moat  suitable  terms  were  the  foUowmg:  (1)  Each  part  should  have  one  name 
only.  (2)  The  names  should  be  as  short  and  simple  aa  poaaible.  (3)  Related  atniotutes 
should  have  similar  names.  (4)  Adjectives  should  be  in  opposing  pauv.  A  few  exceptions 
were  found  neoeaaary,  however. 

oil  account  of  its  obvious  merits,  the  BNA  system  has  been  generally  adopted  throughout 
the  civilised  world,  and  the  results  are  very  satisfactory.  Comparatively  few  new  t«rma  have 
been  thereby  introduced,  over  4000  of  the  4500  nsjnes  in  the  BNA  coirespondiag  almost  exactly 
to  older  terms  already  in  use  by  the  English-speaking  nations.  Certain  minor  defects  in  Uie 
syst«m  have  been  criticised;  but  these  are  outweighed  by  the  advantages  of  this  uniform 
system. 

Abbre^Hons. — Certain  frequently  used  words  in  the  BNA  are  abbrsviated  aa  foUowe: 
a.,  arteria  (plural,  aa.,  arteriK);  b.,  bursa;  g.,  ganglion;  gl.,  glandula;  lig.,  ligamentum  (plural, 
ligg.,  ligamenta);  m.,  musculue  (plural,  laia.,  musculi);  n.,  nervus  (plural,  nn.,  nervi);  oaa., 
OMia  (or  ossium);  proc,  procesaus;  r.,  ramus  (plural,  rr.,  rami);  v.,  vena  (plural,  w.,  Venn). 

Terms  of  position  and  direction. — The  exact  meaning  of  certain  fundamental 
terms  used  in  anatomical  description  must  be  clearly  understood  and  kept  in 
mind.  In  defining  these  terms,  it  is  supposed  that  the  human  body  is  in  an 
upright  position,  with  arms  at  the  sides  and  palms  to  the  front. 

The  three  fundamental  planes  of  the  body  are  the  sagittal,  the  transverse  and 
the  frontal.  The  vertical  plane  through  the  longitudinal  axis  of  the  trunk, 
dividing  the  body  into  right  and  left  halves,  is  the  median  or  midsa^iUal  plane; 
and  any  plane  parallel  to  thi?  is  a  sagittal  plane.  Any  vertical  plane  at  right 
angles  to  a  sagittal  plane,  and  dividing  the  body  into  front  and  rear  portions  is  a 
frontal  (or  coronal)  plane.  A  plane  across  the  body  at  right  angles  to  sagittal  and 
coronal  planes  is  a  transverae  or  horizontal  plane. 

Terms  pertaining  to  the  front  of  the  body  are  anterior  or  ventral;  to  the  rear, 
posterior  or  dorsal;  upper  is  designated  as  superior  or  cranial;  and  tower  as  inferior 
or  caudal. 

The  term  medial  means  nearer  the  mid-sa^ttal  plane,  and  lateral,  further  from 
that  plane.  These  terms  should  be  carefully  distinguished  from  internal  (inner) 
and  external  (outer),  which  were  formerly  synonymous  with  them.  Internal,  as 
now  used  (BNA),  means  deeper,  i.  e.,  nearer  the  central  axis  of  the  body  or  part; 
while  external  refers  to  structures  more  superficial  in  position.  Proximal,  in 
describing  a  limb,  refers  to  position  nearer  the  trunk;  while  distal  refers  to  a  more 
periphery  position. 

'  Adveibial  forms  are  also  employed,  e.  g.,  anteriorly  or  ventrally  (forward,  before);  poster- 
iorly or  doraally  (backward,  behind) ;  superiorly  or  cranially  (upward,  above) ;  and  infenorly  or 
caudijly  (downward,  below). 

It  should  also  be  noted  that  the  terms  ventral,  dorsal,  cranial  and  caudal  are  independent  of 
the  body  posture,  and  therefore  apply  equally  well  to  corresponding  surfaces  of  vertebrates  in 

Gneral  with  horizontal  body  axis.  On  this  account  these  terms  are  preferable,  and  will  doubt- 
le  ultimately  supplant  the  terms  anterior,  jfosterior,  superior  and  inferior. 
The  discnmination  in  the  use  of  several  similar  terms  of  the  BNA  should  also  receive  atten- 
tion. Thus  medianva  (median)  refers  to  the  median  plane.  MediaUs  (medial)  means  nearer 
the  median  plane  and  is  apposed  to  lateral,  as  above  stated.  Mediut  (middle)  is  used  to  desig- 
nate a  position  between  anterior  and  posterior,  or  between  internal  and  external.  Between 
medialia  and  lateralis,  however,  the  term  intermediut  is  used.  Finally,  trantveraalit  means  trana- 
verse  to  the  body  axis;  Iranwersiu,  transverse  to  an  organ  or  part;  ana  Iranmersariui,  pertaining 
to  some  other  structure  which  is  transverse. 

Parts  of  the  body. — The  primary  divisions  of  the  human  body  (fig.  1)  are  the 
head,  neck,  trunk  and  extremities.  The  head  [caput]  includes  cranium  and  face 
[facies].  The  neck  [colluqi]  connects  head  and  trunk.  The  trunk  [truncus] 
includes  thorax,  abdomen,  and  pelvis.  The  upper  extremity  [extremitas  superior] 
includes   arm    [brachium],  forearm   [antibrachium],    and   fiand    [manus].     The 
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lower  extremity  [extremitas  inferior]  includes  thigh  [femur],  i 
IpesJ. 

Each  of  the  parts  mentioned  has  further  subdivisions,  as  indicated  in  fig.  1. 
The  cranium  includee:  crown  [vertex];  back  of  the  head  [occiput] ;/r(mbiI  region 
[sinciput],  including /oreAeod  [frons];  templea  [tempora];  ears  [aures],  including 
8  [auriculffi].  , 


'&««« 


The  face  includes  the  re^ona  of  the  eye  [oculus],  note  [nssus],  and  mouth  [os], 
the  BubdivifflOtts  of  which  will  be  given  later  under  the  appropriate  sections. 

The  thorax  includes:  breast  [pectus];  mammary  gland  [mamma];  and  thoracic 
caeity  [cavum  thoracis].  The  hack  [dorsum]  includes  the  vertebral  column  - 
[coluinna  vertebralis].  The  abdomen  includes:  naed  [umbilicus];  flank  [tatus]; 
fjroin  (ingueu];  loin  [lumbua];  and  the  abdomirntl  ccatity  [cavum  abdominis].  The 
pelvis  includes:     pebnc  camiy  [cavum  pelvis];  genital  organs  [organa  genitalia], 
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buttocks  [nates],  separated  by  a  cleft  [crena  ani]  at  the  anus.  The  hip  [coxa] 
connects  the  pelvis  with  the  lower  extremity. 

In  the  lower  extremity,  the  thigh  is  joined  to  the  leg  by  the  knee  [genu].  The 
foot  includes:  heel  [calx];  sole  [plaata];  instep  [tarsus];  mdatarsua;  and  five  toes 
[digiti  I-V],  including  the  great  toe  [hallux]  and  Utile  toe  [d^tus  minimus]. 

The  upper  extremity  is  joined  to  the  thorax  by  the  shoulder.  The  arm  is 
joined  to  the  forearm  at  the  elbow  [cubitus].     The  hand  includes:     wrist  [carpus]; 

Fio.  2. — SsCTtON  or  the  Epidermib  of  a  Finqer,  frou  a  Huuan  Eubrto  of  10.2  m. 


metacarpua,  with  pcdm  [vola  or  palma]  and  hack  [dorsum  manus].  The  five 
fingers  [digiti  I-V]  include:  thumb  [poUex],  index  finger  [index];  middle  finger 
[digitus  medius];  ring  finger  [digitus  annularis]  and  little  finger  [digitus  minimus]. 

O^an-systems. — Each  of  the  various  parts  of  the  body  above  outlined  is 
composed  of  various  orgaTia,  and  the  groups  of  related  organs  make  up  organ- 
systems. 

The  various  organ-systems  are  treated  as  special  branches  of  descriptive 
anatomy.    The  study  of  the  bones  is  called  osteology;  of  the  ligamenta  and  joints, 

Fia.  3.— DiAORAM  OF  A  Typical  Cell.    (Siymonowici.) 


syndesmology  for  arthrology) ;  of  the  vessels,  angiology;  of  the  miiscles,  myology;  of 
the  nervous  system,  neurology;  and  of  the  viscera,  splanchnology.  Further  subdivi- 
sions are  also  made.  The  viscera,  for  example,  include  the  digestive  tract, 
respiratory  tract,  urogenital  tract,  etc. 

Tissues  and  cells. — The  body,  as  above  stated,  has  various  parta,  each  of  which  may  be 
subdivided  into  its  componenC  systems  and  oi^ans.  A  further  analysis  reveals  a  continued 
aeries  of  structural  units  of  i^aduaily  decreasing  complexity.     Thus  each  oi^ao  is  found  to  con- 


a  number  of  lUeusa  (epithelial,  connective,  muscular  or  nervous).     Finally,  each  ti 
composed  of  a  group  of  similar  units  called  cells  (figs.  2,  3)  which  are  the  ultimate  structural  unila 
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of  tbe  body.  The  body  may  therefore  be  regarded  as  composed  of  myriads  of  cell  units,  organ- 
iKd  iato  units  of  gradutJly  increaaing  comiilexity,  very  much  as  a  social  community  is  composed 
of  indiTiduals  orKam^ed  mto  tradea,  municip&utieB,  etc. 

Most  of  the  individual  tissues  can  be  recognized  by  their  gross  appearance.  In  fact,  the 
principal  tissues  were  first  demonstrated  by  Bichat  through  skilful  dissection,  maceration,  etc. 
ud  without  the  aid  of  the  microscope.  The  cellular  structure  of  the  tissues  was  later  discoverea 
by  Schwann  in  1839. 

Each  cell  (fig.  3j  is  composed  of  a  material  called  prolopUum,  a  viscid  aubstiuice  variable  in 
ranee  and  exceedingly  complex  in  chemical  composition.     It  readily  breaks  down  into  sim- 

Ebemical  compounds,  whereby  energy  (chiefly  in  the  form  of  beat  and  mechanical  energy)  is 
ted.  It  has  sbo  the  power  of  absorbing  nutritive  material  to  build  up  and  replace  what 
ns  lost.  Its  decomposition  results  from  stimuli  of  various  kinds,  and  hence  it  is  said  to  be 
iiiitable.  The  mechanical  energy  which  it  liberates  is  manifested  by  its  contractility,  especiallv 
in  the  muscle  cells.  It  excretes  tbe  waste  products  produced  by  its  decomposition.  Each  oeU 
hsithepower,  under  favourable  conditions,  of  reproducing  itself  by  division.  Protoplasm  pre- 
MDts,  in  short,  all  the  forms  of  activity  manifested  by  the  body  as  a  whole;  and,  indeed,  the  ac- 
tivities of  the  Dody  are  the  sum  of  the  activities  of  its  constituent  cells. 

In  the  protoplasm  of  each  cell  is  a  specially  difFerentiat«d  txirtion,  the  nitdevt  (fig.  3).  The 
nucleus  plays  an  important  part  in  regulating  the  activities  of  the  cytopla»m,  the  Keneral  proto- 
plasm of  the  cell  body.  The  nudeus  difiers  from  the  cytoptaam  botD  structurslly  and  chem- 
lully,  and  contains  a  very  important  substance,  chromatin,  which  during  cell  division  is  ag^- 
gsted  into  a  definite  number  of  masses  called  chromoaomet.  The  cytoplf^m  of  actively  growias 
cells  also  contains  tbe  archoplatm  and  centroiome,  structures  of  importance  in  the  process  of  ceO 
division.  Further  details  concerning  the  cells  and  tissues  may  be  found  in  the  text-books  of 
tytotogy  and  histology. 

Id  earlier  days  Human  Anatomy  was  almost  entirely  a  descriptive  soienoe,  but  little  att«D- 
tioD  being  paid  to  the  significance  of  structure,  except  in  so  far  as  it  could  be  correlated  witji 
physiological  phenomena  aa  they  were  at  the  tune  understood.  In  recent  years  attention  has 
oeen  largely  paid  to  the  morphology  of  the  human  body  and  much  valuable  information  as  to 
tbe  meaning  of  the  structure  and  relations  of  the  various  organs  has  resulted.  Since  the  form 
sod  structure  of  the  body  are  the  final  result  of  a  series  of  complicated  developmental  changes, 
tbe  science  of  Embryology  has  greatly  contributed  to  our  present  knowledge  of  human  Mor- 
pbofogy;and,  acoordiugly,  abrief  sketch  of  some  of  tbe  more  important  phases  of  morphogenesis 
win  form  a  Gtting  introduction  to  the  study  of  the  adult. 

References.— Generoi;  For  looking  up  the  literature  upon  any  anatomical 
topic,  the  best  g;uide  ia  the  "Jahresbericht  ueber  die  Fortschritte  der  Anatomie 
und  Entwicklungsgeschichte,"  which  contains  clasaified  titles  and  brief  abstracts 
of  the  more  important  papers  in  gross  anatomy,  histology  and  embryology. 
Other  useful  aids  are  the  "Zentralblatt  fuer  normale  Anatomie,"  the  "Index 
Medicus"  and  the  catalogue  of  the  Surgeon  Genera  's  Library  of  the  War  Dep't. 
(Washington,  D.  C).  The  latter  two  contain  titles  only,  but  cover  the  whole 
field  of  medicine.  The  "Concilium  Biblic^raphicum"  also  provides  a  conveni- 
ent card-index  system  of  references  for  the  biological  sciences,  including 
Anatomy. 

For  nomenclature:  His,  Archiv  f.  Anat.,  1895  (BNA  system);  Barker,  Ana- 
tomical Nomenclature.  CelU  and  Ussues:  Wilson,  The  Cell;  Hertwig,  Zelle  und 
Gewebe  (also  English  transl.) ;  Schaefer,  Microscopic  Anatomy  (in  Quain's 
Anatomy,  11th  ed.);  Heidenhain,  Plasma  und  Zelle. 
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SECTION  1 

MOEPHOGENESIS 

Rbtibed  fob  thb  Fifth  Edition 
Bt  C.  M.  JACKSON,  M.S.,  M.D. 


CHANGE  is  a  fundamental  characteristic  of  all  living  things.  The  human 
body  during  its  life  cycle  accordingly  passes  through  various  phases  of  form 
and  structure.  In  the  earliest  embryonic  phases  of  development  the 
changes  are  very  rapid,  decreasing  in  rapidity  during  the  later  foetal  st^es,  but 
continuing  at  a  diminishing  rate  throughout  infancy,  childhood  and  youth  up  to 
the  adult.  Following  the  acme  of  maturity,  changes  continue  which  lead 
gradually  to  senescence  and  final  death  of  the  body. 

^TluB  'cycle  of  change  in  the  body  depends  upon  similar  chanRea  in  ita  Tarioua  component 
oi^ana,  each  having  its  own  characteriatic  life  cycle.  In  a  few  oi  the  organs  this  cycle  is  very 
short,  OS  in  some  of  the  organs  of  the  embryo  ^e.  ^,,  mesonephros).  Other  organs  persist  on^ 
during  childhood  (e.  g.,  thymus);  while  the  majonty  continue,  with  varyins  degrees  of  change, 
throi^hout  postnatal  life.  The  final  death  of  the  body  is  due  to  the  breakdown  of  some  of  the 
easentiai  organs. 

•A  further  analysis  reveals  the  fact  that  the  characteristic  life  cycles  of  the  organs  depend 
ultimately  upon  similar  changes  in  their  constituent  tissues  and  cells.  Every  cell  ms  a  definite 
life  cycle,  an  early  period  characterised  by  rapid  and  vigouroue  changes,  later  periods  of  difFeren- 
tjation  and  maturity,  followed  by  stages  of  degeneration  and  death.  This  cycle  of  cell  changes 
has-been  designated  by  Minot  as  cj/tomorphoiia. 

iGrowtli. — Associated  with  the  process  of  cell  differentiation  (cytomorphosis),  and  even 
more  important  as  a  factor  in  the  morpbogenesis  of  the  body,  is  the  process  of  grwlh.  The 
developmental  changes  in  form  and  structure  of  the  body  are  due  lorge^  to  the  unequal  growth 
of  its  various  parts.  Growth,  like  other  changes  in  the  oody  and  its  parts,  depends  ultimately 
upou^the  characteristics  of  the  constituent  ceUe. 

FiQ.  4. — Thk  Ovdu  or  a  New-«obn  Cbild,  with  Follicle  Celu.     (After  Mertons.) 


Tlie  cell|ehangeB7during''growth  may  be  grouped  under  two  heads.  The  first,  or  growth 
proper,  involves  merely  the  enlargemenl  (hypertrophy)  of  the  individual  cells  and  intercellular 
products.  The  second  includes  the  muUiplication  (hyperplasia)  of  the  cells,  which  is  accom- 
[diobed  by  mitotic  division.  Cell  division  is  necessary  in  cell  growth,  for  otherwise  the  cell 
would  soon  reach  a  siie  where  its  surface  (for  nutritive,  respiratory  and  excretory  purposes) 
would  be  inadequate  for  its  mass.  In  general,  however,  cell  division  is  most  active  in  the  earlier 
embryonic  periods,  during  which  the  cells  remain  small.  Later,  cell  division  diminishes  or 
ceases,  and  growth  is  due  chiefly  to  enlargement  of  the  cells  already  present.  It  is  also  during 
tbe  later  period,  when  the  cells  nave  ceased  rapid  division,  that  the  process  of  cell  differentiation 
and  tissue  formation  is  most  marked. 

The  principle  of  the  ralio  of  »wr}au  to  matt  often  applies  to  the  growing  organs  as  well  as  to 
the  individual  cells.  To  maintain  the  necessary  ratio,  the  surface  area  ia  mcreased  by  the  for* 
mation,  througfa  looalised  unequal  growth,  of  projectUma  (e.  g.,  villi  or  folds)  or  inBaginaiiona 
(e.  g.,  glands)  from  surfaces.  Innumerable  modifications  of  this  principle  occur  throughout  the 
process  of  morphogenesis. 
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Fro,  5. — OvDM  FROM  OvAKY  OF  A  Woman  Thiktt  Years  of  Aqb. 
n,  QucIeuB.    y,  yolk.    j>,  clear  protoplaamic  tone,  pa,  periviteliine  space. 

(McMurrich'fl  Embryology,  from  Nagel.) 


Tia.  6, — Staoes  o 


F  THE  Mouse,    x,  polar  body. 


SEGMENTATION  OF  THE  OVUM  9 

While  the  present  work  deals  primarily  with  the  adult  human  organism  in  the 
stage  of  maturity,  reference  is  made  also  to  its  changes  according  to  age.  Although 
these  changes  for  the  various  systems  of  organs  are  described  under  the  ap- 
propriate sections,  it  is  desirable  to  consider  hrst  some  of  the  more  fundamental 
features  pertaining  to  tiie  body  as  a  whole.  This  applies  particularly  to  tJie 
earlier  embryonic  period,  which  includes  the  more  general  phases  of  morpho- 
genesis. No  attempt  will  be  made  to  describe  fully  the  process  of  development, 
the  details  of  which  are  to  be  found  in  text-books  of  embryology. 

Segmentation  of  the  ovum. — The  human  body,  like  all  livii^  organisms,  arises 
from  a  edngle  cell,  the  e^-cell  or  ovum.  An  early  stage  in  the  development  of  the 
ovum  is  shown  in  fig.  4,  and  a  later  stage,  approaching  maturity,  in  fig.  5.  The 
mature  human  ovum  is  about  0.2  mm.  in  diameter.  In  the  uterine  CFallopian) 
tube,  the  fertilised  ovum  undergoes  segmentation,  the  various  stages  of  which  are 
represented  in  figs.  6  and  7. 


Fig.  7, — DiAaaAii  of  Section 
TBBOUOH  A  Mawualian  Owsu  at  the 
MoRuiut  Stage  . 


FiQ.  8. — DiAORAM  OF  Section  of 
A  Mamuauak  Ovum  Showing  the 
Inner  Cell  Mass. 


While  tbe  proceases  of  maturatioD,  fertilisation  and  eegmentatioa  have  not  as  vet  been  Ob- 

served  in  the  human  ovum,  the  evidence  of  comparative  anatomy  makes  it  very  prooable  that  in 
k11  essential  respects  these  procesaes  are  like  those  found  in  other  mammals.  As  a  result  of  the 
■uccessive  divisions  of  tbe  ovum  in  segmentation,  a  spherical  maaa  of  cells,  the  morula  (fig.  7)  is 
Formed.  In  this  mass,  an  excentric  cavit;^  forms  (fig.  8)  whereby  the  mass  is  transformed  into  a 
boUow  vesicle.  The  wall  of  this  vesicle  is  probably  formed  throughout  the  greater  part  of  its 
«»eat  by  a  single  layer  of  cells;  but  at  one  point  of  tbe  circumference  there  is  a  group  of  cells 
tensed  the  inner  ceU  mass  (fig.  8).  Probably  about  this  time  the  ovum  enters  the  uterine  cavity, 
md  through  the  activity  of  the  outer  layer  of  cells  [trophobtasl)  becomes  embedded  in  the  uterine 

Fonnation  of  the  embryonic  disc  and  germ  layers.^In  the  earliest  human 
embryos  which  have  been  described,  development  has  already  proceeded  beyond 

Fio.  9. — DiAQRAu  Showing  the  Relations  op  the  Gebu  Laterb  in  an  Earlt  Eicbrto. 
Ac.  amniotic  cavity,  lined  by  ectoderm.  D,  yolk-sac,  lined  by  endoderm  (fin).  Me,Me', 
meaodenn,  C,  eirtm-embryonic  ccelom.    B,  chorion.     T,  trophoblast.     (McMurrich.) 


.y  Co  Ogle 


tbe  stage  represented  by  fig.  8,  and  has  reached  that  of  fig.  9.     Within  the  inner 
cell  mass,  two  cavities  have  appeared.     The  more  superficial  (ac)  is  the  amniotic 
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eattity;  the  deeper  (D)  is  the  cavity  of  the  yolk-ute;  while  between  them  is  a 
plate  of  ceUa  forming  the  embryonic  disc.  The  embrjonic  disc  (fig^.  9-  and  10) 
coataioB  three  layers  of  cella, — the  fundamental  germ  layers, — edoderm  (Ec), 
endoderm  (En),  and  mesoderm. 

'HteKenn  layers  of  the  embiyoDic  disc  are  of  prime  importance  in  the  development  of  the 
body.  Fl«m  the  ectoderm,  which  lies  next  to  the  amniotic  cavity  and  repraeents  the  upper 
<later  outer)  ^rm  layer,  are  derived  the  epidermie  and  the  entire  neirouB  system.  ¥toai  the 
€ndadenn,  which  lies  next  to  the  yolk-eac,  and  represents  the  lower  (later  inner)  germ  layer,  is 
derived  toe  epithelial  lining  of  the  digestive  mucosa  and  its  deiivativeB.  From  the  maodtrm,  or 
middle  germ  layer,  is  differentiated  the  remainder  of  the  body,  including  the  skeletal  and  sup- 
porting tissues,  vascular  eystem,  muscle  and  most  of  the  urogenital  organs. 

The  germ  layers  also  extend  beyond  the  embryonic  disc,  as  shown  in  fi@- 9  and  10.  The 
yo}k-9ae  is  made  up  of  a  lining  of  endodenn  and  an  outer  layer  of  mesoderm.    The  amnion,  which 
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later  becomes  separated  from  the  chorion,  is  oompoeed  of  mesoderm  lined  by  endoderm.  The 
outer  cell  layers  form  the  du/ridn,  which  likewise  shows  two  layers,  the  outermost  of  which 
(trophoblast)  is  ect^erm,  the  inner,  mesoderm.  In  fig.  10  the  chorion  is  beginning  to  send  out 
root-like  pro]ections  (villi)  which  invade  the  uterine  mucosa. 

It  is  tnus  noteworthy  that  of  the  cells'derived  from  the  ovum  relatively  only  a  few — thoee  of 
the  embryonic  disc — enterdirectlyintotheformationof  the  body.  Theyolk-eac,  arudimentary 
organ  of  phvlogenetic  significance,  is  later  chieflv  absorbed,  although  the  proximal  portion  may 
enter  slightly  into  the  formation  of  the  intestinal  wall.  The  amnion  is  a  protective  membrane, 
while  the  chorion  forms  the  fcctal  part  of  the  placenta. 

Development  of  the  embryonic  disc. — When  first  formed,  the  surface  of  the 
embryonic  disc  shows  no  trace  of  differentiation.  A  digbtly  later  but  still 
comparatively  early  stage  in  its  development  is  shown  in  fig.  11.     It  is  here 

Fio.  11. — MoniL  SHowiNa  tbk  Eusryonic  Disc  from  an  Eubbto  1.17  iiu.  In  Lbnqtb. 
Viewed  from  above  and  laterally,  the  roof  of  the  amniotic  cavity  having  been  removed,  n, 
primitive  pit  (neurenteric  canal),  p^,  primitive  groove,  mg,  neural  groove.  6,  hody-etalk. 
(McMurrich,  from  Frassi.) 


viewed  from  above,  the  amnion  having  been  removed.  The  disc  is  an  eUiptical 
plate,  whose  long  axis  represents  the  mid-line  of  the  embryo.  Near  the  center 
is  a  small  rounded  depression,  the  primitive  pit.  Extending  backward  (toward  the 
tul  end  of  the  embryo)  from  this  is  a  dark  line,  the  primitive  streak,  corresponding 
to  a  groove,  the  primitive  groove.  Extending  forward  from  the  primitive  pit  ip  an 
indistinct  wide  shallow  groove,  the  neural  groove. 
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fused  lips  (rf  ft  primitive  blaatopore.  They  lepiewnt  a  centre  of  prolifltration  from  vhich  tha 
mesoderm  is  budded  off  from  tlie  ectoderm  and  spieadB  out  to  form  the  middle  germ  layer  of  the 
embryonic  disc. 

At  the  anterior  end  of  the  primitive  streak  this  proliferation  extends  forward  as  a  plate  of 
cellf,  the  ao-cwiUed  'head  procets.'  The  axial  portion  of  this  process  is  the  anlage  of  the  nolo- 
chord,  the  embryonic  skeletal  axis.  It  contains  a  canal,  which  opens  into  the  primitire  pit. 
Tlie  notochordal  anlage  aoon  fuses  with  the  underlying  endoderm,  and  its  consJ  forms  the 
tnusieut  neurenieric  earuU. 

In  the  mid-line  anterior  to  the  primitive  streak  there  appeara  the  shallow  newal  groove 
(fig.  11},  correspooding  to  a  thickened  plate  of  ectodermic  ceUs,  the  neural  plate.  The  neural 
groove  is  sLixhtly  forkra  at  its  posterior  extremity,  in  the  region  of  the  primitwe  node  (Hensen's 
DodeJ,  whicnforms  the  dorsal  lip  of  the  primitive  pit.    As  development  proceeds,  the  i: 


plate  extends  posteriorly,  and  the  primitr 

uig  part  <rf  the  pritnilive  groove  being  con 

becomee  progressively  shortened  (cf.  figs.  11  and  13). 

Fifl.    12. TOPOOBAFHT  OF  THE  EuBRTONIC  DiBC.      DlAQBAM  OF  RELATIONS  AT  TBE  LtVQTB 

or  ABOUT  1  MM.     ng,  neural  groove,     pn,  primitive  node,     pp,  primitive  i»t.     V,  upper  limb. 
L,  lower  limb. 


Ti^K^raphy  of  the  embryonic  disc. — Although  only  slight  signs  of  differentia- 
tioD  Are  visible  in  the  embryonic  disc  at  the  stage  shown  in  fig.  11,  it  is  already 
poedble  to  map  out  more  or  less  definite  areas  corresponding  to  all  the  various 
regions  of  the  future  body,  as  shown  in  fig.  12. 

Beginning  anteriorly,  the  head  region  is  relatively  enormous  in  siie,  occupying  at  this 
tunc  the  entire  portion  m  front  of  the  primitive  pit  and  forming  about  half  of  the  entire  disc. 
The  oervieal,  thoracic,  lumbar  and  sacroH^ccygeal  re^ons  appear  successively  smaller,  ap- 
proaching the  posterior  end  {'tail  bud')  of  the  primitive  streak.  It  is  also  a  striking  fact 
ih«t  the  future  dorsal  re^on  of  the  body  wall,  corresponding  to  the  central  portion  of  the  disc, 
»^g  each  side  of  the  mid-line,  is  now  larger  than  the  ventro-lateral  regions,  which  occupy  a 
rdatively  narrow  area  around  the  periphery  of  the  disc. 
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The  topogMphy  of  the  germiiial  areas  in  the  embryonic  disc  shown  in  fig.  12  ie  based  partly 
apon  ft  study  of  the  suoceediag  stages  of  development,  and  partly  upon  the  lesulte  of  expen- 
menta  upon  the  germinal  disc  in  lower  forms,  especially  in  the  chick  (A^heton,  Peebles,  Eopsch). 

Law  of  developmental  direction. — la  the  relative  size  of  the  various  embryonic 
areas  is  foreshadowed  what  may  be  termed  the  law  of  direction  in  development. 
In  general  it  is  found  that  development  {including  growth  and  di£Ferentiation)  in 
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the  long  axis  of  the  body  appears  first  in  the  head  region  and  progresses  toward 
the  tMl  r^oD.  Similarly  in  the  transverse  plane  development  begins  in  the 
mid-dorsal  region  and  progresses  latero-ventrally  fin  the  limbs,  proximo-diMally). 
These  principles  are  of  great  importance  in  morphogenesis. 

Fig.  14. — Diaoraiiib  Showing  the  Consthiction  op  the  Eubrio  prou  the  Yolb-«ic. 
A  and  C,  longitudinal  sections;  BandD,  corresponding  cross-Bections.     (McMurrich.) 


The  law  of  developmental  diiection  is  also  probably  of  phylogenetic  significance.  The 
cranio-caiidai  direction  of  development  is  in  accordance  with  the  theory  that  the  head  is  the  most 
pmoitive  portion  of  the  body,  and  hence  precocious  in  development.  The  trunk  is  perbap*  ■ 
secondary  acquisition,  hence  arising  as  an  e>:tenBion  of  the  primitive  head  region. 
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The  dorio-ventTol  direction  of  development,  together  with  the  ptate-like  form  of  the  embry- 
onic disc,  has  &  different  phylogenetic  signific&nce.  Both  are  probably  inherited  from  an  ances- 
tral type  with  a  yolk-laden  ovum.  In  Buch  an  ovum,  with  the  meroblaatio  type  of  segmentation, 
the  &ttened  embryonic  diac  gradually  apreadi  from  the  doraal  surface  in  a  ventral  direction 
uound  the  underlymg  yolk-mass. 

Derivation  of  body  tube  from  embryonic  disc. — The  primary  result  of  the 
precocioua  growth  in  the  dorsal  region  of  the  embryonic  disc  is  the  conversion  of 
the  disc  into  the  body  tube,  curved  ventrally  ia  its  loi^  axis  (fig.  14). 

Fio.  15. — PoRHON  OF  Cbobs  Section  of  the  Embbto  shown  in  Fio.  13.  eh,  notochord. 
a,  somatie  mesoderm,  df,  splanohnio  mesoderm,  g,  junction  of  extra-embryonic  somatic  and 
iplanchnio  mesoderm,  tk,  ectoderm,  en,  endoderm.  tn«.  embiyonio  mesoderm.  /,  neural 
groove,  p,  beginning  of  embryonic  ccelom  (pericardial  cavity).     (Minot,  after  Graf  8pee.) 


As  a  result  of  the  more  rapid  expansion  of  the  germ  layers  (especially  the  ectoderm)  near 
the  mid-line,  the  dona]  surface  of  the  embryonic  disc  in  general  becomes  convex,  with  a  depres- 
sion laterally  (where  Krowth  is  less  rapid)  forming  a  groove  at  the  line  of  attachment  of  the  am- 
ak)n(figB.  11,  12, 13, 14  B).  The  unequalgrowth  in  the  germ  layersis  clearly  evident  in  the  cross 
Kction  shown  in  fig.  15.  By  a  continuation  of  this  process,  the  margins  of  the  embryonic  disc 
beeoQie  still  further  depressed  and  finally  folded  in  venlrally  so  as  to  transform  the  disc  into  a 
tube  (fig.  1  i  D).  Similarly,  by  a  more  rapid  expansion  of  the  dorsal  layer  of  the  disc  in  the  lon- 
gitudinal axis,  the  head  and  tail  ends  of  the  disc  are  folded  and  tucked  in  ventrally,  and  the 
primitive  body  tube  is  thus  correspondingly  curved  in  its  long  axis  (figs.  14  A,  14  C). 

Fio.  16.— Model  of  Human  Embrto  1.8  um.  Lonq.  Viewed  from  above,  the  roof  of  the 
inmiotic  cavity  having  veen  removed.  Near  the  caudal  end  of  the  neural  groove,  the  primitive 
pit  (opening  of  neurenteric  canal)  is  visible.  The  primitive  somites  are  appearing  in  the  ocdn- 
itsl  region,  the  fourth  corresponding  to  the  bounilary  between  head  and  neck.  (MoMurricn, 
from  Keibel  and  Elie.) 


The  embryonic  disc  is  thus  converted  into  a  tube  composed  of  an  outer  layer  of  ectoderm, 
t  middle  layer  of  mesoderm  and  an  inner  layer  of  endoderm.  The  yolk-sac  now  presents  an 
expsoded  yoik-ceauJe  lined  by  endoderm  which  is  still  continuous  through  the  constricted  yoU> 
•lott  with  the  endoderm  lining  the  primitive  enteric  camly  (fig.  14  C).  The  enteric  cavitv  (or 
vdient«roit)  has  a  blind  tubular  prolongation  (fore  gut)  into  the  head  region,  and  another  (hind 
pit]  into  the  tail  resion.  From  tbe  latter  a  slender  diverticulum,  the  aUantots,  extends  into  the 
body  stalk  (later  the  umbilical  cord).  The  allantois  is  an  organ  of  phylogenetic  importance, 
■ith  which  the  urinary  bladder  is  later  connected. 

Fonnatton  of  the  neural  tube. — The  principle  of  unequal  growth  applies  to  the  ' 
formation  not  only  of  the  body  as  a  whole,  but  also  of  its  constituent  parts. 
Thus  the  aniage  of  the  nervous  system  arises  from  the  ectoderm  as  a  wide  groove 
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whose  edges  (neural  ridges)  by  local  growth  are  folded  upward  bo  as  to  meet  in 
the  mid-Uiie  where  they  fuse,  thus  transformiog  the  groove  into  the  rteural  tube 
(fi^.  n,  12,  13,  15,  16,  17,  18). 

The  closure  b%ins,  not  at  the  anterior  end  (m  might  be  expected  from  the  geiiend  law  of 
cranio-cttudal  deveutpment),  but  in  the  cerricol  region,  extending  forward  into  the  brain  region, 
nnd  backward  along  the  epiiial  cord.  Thustheextremeends  (anterior  and  posterior  neuroporeej 
are  the  last  to  oloae. 

The  piecociouB  and  energetio  growth  of  the  neural  anlage  is  largely  responsible  for  the  ven- 
tral flexure  of  the  embryonic  Dody  axis,  eapecially  in  the  head  region,  wbere  the  flexures  of  tbe 
briun  are  very  conspicuous  (figs.  22,  26). 

With  the  closure  of  the  neural  tube  doreally  and  of  the  alimentary  canal  ventrally  the  human 
embryo  nnniimnn  the  typical  vertebrate  form.  The  cylindrical  body  wall  now  encloass  two  tubes 
(neural  and  enteric)  with  the  longitudinal  axis  (notochord)  between  them  (figs.  18,  24). 

After  the  embryonic  disc  has  been  transformed  into  b  tube,  the  bod^  of  the  human  embryo 
in  cross  seotion  appears  not  circular  but  elongated  dorso- ventrally.  This  is  the  typical  form  for 
vertebrates  with  noriiontal  body  axis.  In  later  fstal  stages,  the  body  becomes  more  roundeid  in 
cross  section,  and  finally,  with  the  assumption  of  the  erect  posture  in  postnatal  life,  becomes 
decidedly  flattened  doreo-ventrally  (fige.  20,  21). 

Fio.  17. — A  Human  Embrto  2.5  uu.  in  Length.     (After  Kollmann.) 


Development  of  the  mesoderm. — The  mesodermic  layer  on  each  side  of  the 
notochord  in  the  embryonic  disc  develops  ia  two  diviaiona.  The  medial  (or 
dorsal)  divisions  formja  series  of  hollow  segments,  the  aomitea  (figs.  16,  17,  18). 
The  lateral  (later  ventral)  divisions  each  split  into  an  upper  (outer)  or  somatic  layer 
and  a  lower  (inner)  or  visceral  layer.  When  the  embryonic  disc  becomes  folded, 
the  corresponding  somatic  and  visceral  layers  unite  ventrally  and  enclose  between 
them  the  common  axiom  or  primitive  body  cavity  (fig.  18). 

<As  previously  noted,  the  mesoderm  arises  chiefly  from  the  lateral  ^rUons  of  the  'head 
process.  A  comparatively  early  stage  before  the  appearance  of  the  somites  is  shown  in  oroaa 
section  in  fig.  15.  The  somites  appear  flrst  in  the  occipital  region,  and  rapidly  difierentiate 
successively  m  the  cranio-caudal  direction  (figs.  16,  17,  22).  In  embryos  7  or  8  nun.  in  length, 
about  40  BomiteB  may  be  diBtinguished,  3  to  5  occipital,  8  cervical,  12  thoracic,  S  lumbar,  5  aacnu 
and  6  or  6  coccygeal  (in  the  rudimentary  tail  region). 

The  atlom  or  body  cavity  is  unsegmented.     Two  primitive  pericardial  cavities  appear  oepa- 
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rate  at  first,  but  soon  fuae  and  unite  with  the  general  ccelom.    Later  the  general  omlom  beooroes 
ucoDdarily  divided  into  the  permanent  pericardiai,  pleural  and  peritoDeal  cavitiea. 

The  outer  layer  of  the  lateral  meaodermic  division  forme  the  somatic  or  parietal  layer  of  the 
peritoneum,  etc.  The  inner  layer  forma  the  visceral  or  splanchnic  layer,  and  develops  not  only 
the  serous  membrane^  but  (tlao  the  muscular  and  connective  tissue  of  the  walls  of  the  alimentary 
canal  and  ite  denvatives. 

DeTelopment  of  the  somites.  Metamerism. — The  appearance  of  the  somites 
marks  the  beginning  of  metamerism,  the  arrangement  of  the  body  in  euccesBlve 

Fio.  18. — DiAORAU  OF  A  Cross  Section  of  a  Human  Eubkto. 


iterDWdiitc  cell  mtM 


eegments  or  metameres.  Each  somite  develops  a  primitive  muscle  segmentr 
myotome,  and  a  skeletal  segment,  sclerotome  (figs.  IS,  19).  Moreover,  the  cor- 
respondiiig  nerves  and  blood-vesaels  likewise  assume  a  metameric  arrangement. 
This  metamerism  persists  (more  or  less  modified)  in  the  adult  neck  and  trunk. 

The  differentiation  of  the  somites  is  illustrated  by  fise.  18  and  19.  The  medial  wall  of  each 
somile  forms  the  aderotome.     Ite  cells  migrate  to  form  tne  ceirespODding  vertebra,  rib,  etc.,  as 

Pio.  19. — DuQBAiis  Ii.LusTRATiNa  THE  HiBTOBT  OF  THE  Mesodkrm.  M,  myotome,  dM. 
oonal  portion  of  myotome.  viS,  ventral  portion  ot  mvotome.  SC,  sclerotome,  gr,  genital 
ridge.  Wd,  Wolffian  duct.  Sin,  somatic  layer  of  mesoderm,  vm,  visceral  layer  of  mesoderm. 
or,  membrana  leuniens.     /,  intestine.     N,  neural  tube.     (MoMurrich.) 


■eU  SB  the  nutauJiymt  forming  the  various  connective  tissues  in  this  region.    The  remaiuder'of 
tbe  Bomite  forms  the  myotome,  from  which  the  voluntary  musculature  of  the  trunk,  the  neck  and 
lln  part)  the  head  is  derived.     The  dorsal  portions  of  the  myotomes  develop  the  muscle  in  the 
<wal  r^ion  of  the  trunk,  while  the  ventral  portions  extend  ventralward  to  form  the  muscula-   ' 
line  of  the  latero-ventral  body  walls  (figs.  19,  20;  21,  23). 

At  tbe  junction  of  the  dorsal  and  ventral  divisiona  of  the  mesoblaat  is  a  group  of  cells  called 
ibe  vUtnnediale  eeli  mau.    This  mass  becomes  segmented  (corresponding  to  the  somites)  .and 
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each  segment,  or  nephTotome,  gives  rise  to  a  portion  of  the  meatmephrot,  the  provisional  kidney. 
Other  cells  of  the  maaa  become  mesenchyme,  which  is  converted  into  blood'Teesels,  connective 
tissue,  etc. 

Afi  development  proceeds,  the  metamerism  of  the  muscles  and  arteries  becomes  more  or  leas 
obecured.  but  that  of  the  vertebrte  and  nerves  is  fullj'  retained  even  in  the  adult.  In  the  case  of 
the  muscle  plat«a,  from  wbich  aJl  the  voluntary  musculature  of  the  trunk  is  derived,  great  modi- 
fioationa  occur.  Extensive  fuaioa  of  successive  plates  occurs,  the  intervening  connective  tissue 
disappearing  moreor  less  completely;  associated  with  thisfusion  there  is  longitudinal  sjid  tan- 
gential splitting  of  the  somites  to  form  individual  muscles;  and  portions  of  some  of  the  plates  may 
wander  far  from  their  original  position.  But  notwithstanding  these  complicated  changes,  in- 
dications of  the  primary  metameric  arrangement  of  the  muscle  plates  are  abundant,  and  even  in 
the  most  extreme  cases  of  modification  the  developmental  history  of  a  muscle  can  be  detennined 
bj  means  of  its  nerve  supply.  For  the  fibres  derived  from  each  plate  will  usually  retain,  no 
matter  what  ch^ges  of  independence  or  position  they  may  undergo,  the  innervation  by  tneir 
originally  corresponding  segmental  nerve:  so  that  the  occurence  in  the  lumbar  region  of  the  body 
of  muscle-fibres  (the  diaphragm)  supplied  by  nerve-fibres  from  a  cervical  nerve  is  evidence  that 
the  muBole-fibres  have  been  derived  irom  a  cervical  mesodermic  somite  and  have  subsequently 
migrated  to  Uie  position  they  finally  occupy. 

Aa  regards  the  arteries,  they  arise  primarily  from  a  longitudinal  stem,  the  aorta,  in  a  strictly 
segments  manner,  each  metamere  having  distributed  to  it  two  pairs  of  arteries  and  a  single 
median  one  (fig.  20).  Onepairotarteriessupplies  the  body  wall,  and  these  retain  very  distinctly 
their  original  metameric  arrangement;  the  otner  pair  passes  to  the  paired  visoera,  such  as  the 
lunn,  kidneys,  ovaries  (or  testes),  so  many  of  the  pairs  disappearing,  however,  that  their  meta- 
meric arrangement  is  not  very  evident  in  the  adult.  The  unpaired  vessels  supply  the  digestive 
tract  and  its  unpaired  appendajces,  such  as  the  liver  and  pancreas,  and  undergo  great  modifica- 
tions, those  of  the  lower  thoracic  and  lumbar  regions  becoming  reduced  by  fusion  and  degenera- 
tion to  three  main  trunks. 

Fio.  20. — DiAUBAM  OF  A  Tranbvebsb  Section  thbouqh  the  Abdominal  Region. 


Branchiomerism. — Throughout  the  trunk  and  neck  regions,  then,  a  funda- 
mental metamerio  plan  underlies  and  determines  the  arrangement  of  many  parts. 
In  the  head  there  is  also  evident  a  primary  arrangement  of  the  parts  in  succession; 
but  this  arrangement  appears  to  be  somewhat  different  from  that  of  the  trunk  in 
that  it  involves  the  ventral  instead  of  the  dorsal  mesoderm  and  is  associated  with 
the  occurrence  of  branchial  arches  rather  than  with  true  mesodermic  somites. 
It  is  consequently  termed  branchiomerism. 

Not  but  that  there  are  also  indications  of  metamerism  in  the  head,  the  muscles  of  the  orbit. 


these  muscles,  being  apparently  metameric  structures,  out  the  metamerism  of  this  region  o 
body  Is  largely  overah^owed  by  the  branchiomerism. 

If  an  embryo  of  about  the  fifth  week  of  development  (fig,  22)  be  examined,  there  will  be 
observed  on  the  surface  of  the  body  in  the  pharyngeal  region  three  or  four  linear  depressions, 
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and  sections  will  ahow  that  similar  and  corresponding  gToovee  also  occur  upon  the  inner  surface 
ot  the  pharyngeal  wall.  These  are  the  braTuAial  grooves,  and  since  they  are  four  in  number 
{with  a  rudimentary  fifth)  in  the  humBn  embryo,  they  mark  off  five  branchial  (or  vitcend)  archea, 
the  first  of  which  lies  between  the  oral  depreaaioa  and  the  first  branchial  groove,  while  the  fifth 
isfituated  behind  the  fourth  groove.  These  branchial  arches  are  so  named  because  they  repie- 
eent  the  arches  which  (oxcepting  the  firet)  support  the  gilts  (brancbia)  in  the  lower  vertebrates, 
the  ETooves  representing  the  branchial  slit^,  even  althot^  they  do  not  become  perforated  in 
the  human  emoryo. 

Each  branehiomere  conBista  of  an  axial  skeletal  structure,  of  muscles  which  act  on  this  skel- 
eton, of  a  nerve  which  supplies  the  muscles  and  the  neighbouring  integument  and  mucous  mem- 
brsne,  and  of  an  artery  wnich  carries  blood  to  all  these  structures.  The  arches,  however,  do 
Dot  in  the  buman  embryo  retain  their  original  branchial  function,  but  undergo  extensive  modi- 
fications, beooming  adapted  to  various  functions  and  showing  less  in  the  adult  of  their  originslly 
ample  arrangement  than  do  the  metameres.  Nevertheless  no  matter  what  modifications  the 
musculature  of  any  arch  may  undergo,  it  will  retain  its  original  innervation  and,  to  a  large 
extent,  its  relations  to  the  skeletal  elements  of  its  arch;  and  even  the  arteries  in  their  distribu- 
tion show  clear  indications  of  being  arrai^d  in  correspondence  to  the  various  archea. 


Relations  op  thb  Branchial  Arches  i 
Skeleton 


First  arch '  Mandible,  malleus  and 

Second  arch '  Hyoid    (leaser    comu), 

I    styloid     process     and 
stapes. 
Third  arch |  Hyoid  (greater  cornu). . . 


Masticatory,  mylohoid  and  di- 
gastric (ant.),  tensor  tympani. 

Stylohyoid,  digastric  (post.), 
muscles  of  expression,  stape- 

Pharyngeal 


M' 


Trigeminus. 
Facialis. 


Bnnchkl  grooves. — Of  the  exlemal  branchial  grooeea,  the  first  (lying  between  mandibular 
and  hj^oid  arcl^)  becomes  deepened  to  form  the  external  audilory  mcalv^,  the  margins  becom- 
ii«  etevated  to  form  the  auricle  (fig.  26).  The  re^on  corresponding  to  the  second,  third  and 
fourth  external  grooves  becomes  depressed,  forming  the  sinus  cervicalw,  which  soon  closes  up 
and  diaappeani. 

The  irUertuU  branchial  groovet  or  pouches  communicate  with  the  pharyngeal  cavity  and  are 
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lined  vith  endoderm.  The  first  internal  groove  becomee  transformed  into  the  auditory  (Eu- 
stachian) tvbe,  tympanic  ca»iUy,  etc.  The  second  internal  groove  persists  in  part  as  the  fossa  of 
the  'palatine  tonsil.  The  third  and  fourth  grooves  are  probably  represented  in  part  by  the 
niUecuia  and  receinu  pirifoTmit,  detached  portions  of  their  lining  endoderm  giving  rise  to  the 
Ihymiit,  paralhyreoid  glandt,  etc.  The  niaimentsry  Bfth  eroove  ia  said  to  give  rise  to  the 
vUimobranehial  body,  a  structure  of  uncertain  significaace  (ng.  27). 

Dev«lopm«nt  w  flie  face. — The  facial  region  is  at  first  relatively  small.  It  includes  the 
sense  organs  (eye,  ear,  nose)  and  mouth  region.  Some  of  the  more  important  developmental 
features  may  be  briefly  mentioned.  In  an  embryo  of  the  sixth  week  (fig.  28)  the  wide  mouth 
aperture  is  seen  to  be  bounded  below  (posterior^)  by  tfae  lower  (mantuhvlar)  portioa  of  the 
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first  arch,  laterally  by  the  upper  (maxillary)  procesB  of  the  first  arch.  Above  it  ia  bounded  by  a 
median  plate,  the  nosoi  process,  which  on  either  side  forms  a  protuberance,  the  globulta-  procws. 
Lateral  to  the  globular  process  is  a  rounded  depression,  the  tuuoI  pit.  The  maxillary  process 
extends  forward  and  fuses  with  the  globular  process  to  form  the  upper  jaw  region  (failure  to 
unite  resultiaK  in  the  malformation  known  as  'hare-lip  ').  The  nose  is  at  first  broad,  due  to 
the  width  of  the  nasal  process,  which  later  becomes  the  nasal  septum  (fig.  29).  The  nasal  pits 
deepen  and  later  acquire  openings  into  the  primitive  mouth  cavity. 

The  viscera. — The  structures  so  far  considered  beloi^,  for  the  moat  part,  to 
the  body  wall;  it  remains  to  consider  the  general  plan  of  arrangement  of  the 
viscera.  It  haa  been  pointed  out  that  the  body  may  be  regarded  as  a  cylinder 
enclosing  two  tubes,  one  of  which  constitutes  the  central  nervous  system  and  the 


THE  VISCERA  19 

other  the  digestive  tract.  The  latter  may  be  regarded  as  being  primarily  a 
strught  tube  traversing  lengthwise  the  body  cavity  encloaed  by  the  body  wall 
[figs.  18,  20).     The  layers  of  both  the  visceral  and  somatic  plates  which  im- 

Fio.  23. — Saqittai.  Section  Sbowino  ths  Fbiuitive  Pkric&bdial  and  Ccbloiuc  Com- 
munication, SzFTCM  Transvkbbuu,  Liteb,  etc.,  in  a  Hituan  Eubbto  op  3  wu.  (After 
Kollmuui,  from  a  model  by  Hk.) 

urdliuD  poMoUu 
Peilcudlil  ci«it7 


V«D<nu  tnmlc  of  tlw  ImuI 


Uftt 

v.  omplulo-BWMatalei 
H«v*llcdnct 

Colomkui 


mediately  enclose  the  body  cavity  become  transformed  into  a  characteristic 
pleuro-peritoneal  membrane.  Near  the  mid-dorsal  line,  a  vertical  double  plate 
of  peritoneum  extends  ventrally  connecting  the  somatic  (parietal)  and  visceral 
layers  of  peritoneum,  and  constituting  what  is  termed  the  mesentery  (fig.  20). 

Fifl.  24. — DusRAu  Illubtbatino  the  Recession  of  the  Diaphbaom  (Sbptom  Trans- 
vKBami)  in  the  Httman  Ehbbto.  On  the  ri^t  are  indicat«d  the  vertebral  levela;  on  the 
left,  the  poeitian  of  the  eeptum  transvereum  in  a  series  of  embryos  from  2  mm.  (Xll)  to 
24  mm.  (VI)  in  length,     pp,  pleuro-peritoneal  cavity.     (Mall.) 


As  development  proceeda  the  digestive  tract  grows  in  length^more  rapidly  than  the  cayity 
wliich  contuns  it,  and  so  gradually  becomes  thrown  into  numerous  coils  m  the  abdominal 
regioD,  then  changes  leadinfi  to  numerous  modifications  of  the  origiiial  arrangement  of  the  mes- 
entery. These  wiU  be  descnbed  later  on  in  the  section  on  the  digestive  system.  Several  out- 
growua  also  arise  from  the  primitive  digestive  tract,  to  form  important  organs,  such  as  the  lunxa, 
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the  liver,  the  pancreas  ajid  the  urinarv  bladder,'  and,  with  the  exception  of  the  bladder,  each 
of  these  Decomea  completely  isveated  by  primitive  peritoneum.  In  the  case  of  the  liver  this 
original  condition  is  practically  retained,  but  the  inveetment  of  the  panoreas  later  becomes  a 
partial  one  on  account  of  the  modifications  which  ensue  in  the  mesentery.  The  bladder  has 
only  a  portion  of  its  surface  in  contact  with  the  peritoneum,  but  the  investment  of  the  lunn 
remains  complete,  each  luog,  indeed,  appropriating  to  itself  tne  entire  visceral  laj^r  of  its  hdf 
of  the  thorax,  with  the  exception  of  a  email  ventral  portion  which  forms  the  investmeot  of  the 
heart.  Furthermore,  the  cavities  which  surround  each  of  the  three  organs  named,  the  two  lungi 
and  the  heart,  become  completely  separated  from  one  another;  and  smce  each  investment  con- 
sists of  a  visceral  and  a  parietal  layer,  each  of  the  organs  is  enclosed  within  a  double-walled 
sac,  which  in  the  case  of^  each  lung  forms  its  pleura,  while  that  of  the  heart  is  known  as  the 
pericardium.  The  spaces  which  occur  within  the  thorax  between  the  pleune  of  the  two  sides 
are  known  as  the  nUdiasHna,  which  include  the  heart,  cesophagus,  etc.  (fig  21). 

^n  addition  to  the  viscera  mentioned  there  are  some  oi^ans,  such  as  tne  spleen  and  genito- 
urinary organs,  which  are  developments  of  the  mesoderm,  the  spleen  arising  m  the  mesentery 
which  passes  to  the  stomach  and  the  geni to-urinary  organs  pnmsrily  from  the  intermediate 
cell  mass.  The  morphogeny  of  these  structures  and  also  of  the  vascular  system,  nervous  system, 
and  sense  organs  will  be  considered  later  in  connection  with  their  structure. 

FiQ.  25. — DiAQRAU  OF  A  Cboss  SECTION  OP  THE  EuBRTONic  BooT  AND  LiHB.     (McMuiricb, 


•Iston  o(  timb 


Recession  of  the  diaphragm  and  heart. — In  the  early  stages  of  development 
the  heart  is  situated  far  forward,  in  what  will  eventually  be  the  pharyngeal 
region  (figs.  12,  17),  Juat  behind  (caudal  to)  the  heart,  between  it  and  the  yolk- 
sac,  is  a  plate  of  connective  tissue,  the  septum  transversum,  which  serves  for  the 
passage  of  large  veins  from  the  body  wall  to  the  heart  (figs.  17,  23).  This  septum 
together  with  certain  accessory  structures  eventually  gives  rise  to  the  diaphragm, 
which  becomes  a  complete  partition  separating  the  thoracic  and  abdominal  por- 
tions of  the  body  cavity. 

The  diaphragm  and  heart  are  therefore  originally  situated  far  above  (cranial  to)  their 
final  position  and  recede  in  the  course  of  development,  producing  an  elongation  of  the  vessels 
and  nerves  associated  with  them  and  farcing  downward  such  organs  as  the  stomach  and  liver 
(6g.  24).  The  chief  factor  in  this  displacement  is  probably  the  ventral  head  flexion  and  the 
precocious  growth  and  expansion  of  the  organs  in  the  head  region.  The  effects  of  this  recesaion 
are  especiaDy  noticeable  m  the  nervea,  these  passing  to  the  various  organs  concerned  arising 
from  a  much  higher  level  than  that  occupied  by  the  organs.  The  nerve  to  the  diaphragm,  for 
instance,  comes  from  the  fourth  cervical  segment,  those  passing  to  the  cardiac  and  pulmonary 
plexuses  from  the  cervical  region,  and  those  to  tne  plexus  in  relation  with  the  stomach,  Uver 
and  adjacent  organs  from  the  thoracic  region.  The  blood-vessels,  however,  may  shift  their 
origins  from  the  main  trunks  hy  successive  anastomotic  roots,  so  that  in  general  they  keep  pace 
with  the  viscera  in  the  migration  caudal  ward. 

The  limbs. — Each  limb  at  its  first  appearance  (fig.  22)  is  a  fiat,  plate-Uke 
outgrowth  from  the  side  of  the  body,  and  consists  of  an  axial  maas  (blastema)  of 
mesodermic  tissue  from  which  the  limb  skeleton  will  develop,  and,  surrounding 
this,  a  layer,  also  of  mesodermic  tissue,  from  which  the  muscles  and  blood-vessels 
will  arise.     It  is  as  yet  uncertain  whether  the  muscle  blastema  is  derived  from  the 
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Fig.  27, — Diaqbam  to  Show  thb  Derivativeb  of  thb  Branchial  Clifib.  le,  lie,  Ille, 
IVe,  Ve,  external  braochial  grooves.  It,  lit,  Illt,  IVt.  Vt.  internal  branohial  grooves.  Toiu., 
palatine  tonsil.  Bj)  III,  Ep  IV,  epithelial  bodies.  Uh,  ultimobr&nchial  bodj.  Tk^  thyreoid 
gland.     D.th.  fl.,  ductus  thyreoKloHaua.     (Modified  rom  Keibel  uid  Mall.) 
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As  the  muscles  become  differentiated,  nerves  grow  to  them  from  a  definite 
number  of  spinal  segments  (Sg.  25). 

At  first  each  limb  plate  ia  so  placed  that  one  of  its  Burfacea  looks  dorsolly  and  the  other  ven- 
trally.  and  one  border  (that  conesponding  to  the  thumb  or  great  toe)  ia  anterior  (i,  e.,  cnuiial) 
and  the  other  posterior  (caudal).  Later,  however,  each  limb  beoomeB  bent  caudally  through 
about  nioety  degrees,  so  that  the  limbs  whose  long  axes  were  at  first  at  right  angles  to  tbe  long 
axis  of  the  body  come  to  he  parallel  to  that  axis.  In  addition  there  occurs  a  rotation  of  each 
fore-hmb  in  such  a  manner  tnat  the  thumb  turns  latero-dorsally,  while  in  the  lower  limb  the 
direction  of  the  movement  is  exactly  the  opposite,  tbe  great  toe  turning  Tentro-medially.  As 
aresult  there  is  an  apparent  reversal  of  the  surfaces  in  the  two  limbs,  the  flexor  muscles  of  the 
arm  reaching  on  the  surface  which  is  directed  anteriorly,  while  in  the  lower  limb  the  corre- 
sponding muscles  occupy  the  posterior  surface.  The  dorsum  of  the  foot  and  the  great  toe  side 
correspond  respectively  to  the  back  and  thumb  side  of  the  hand,  the  tibia  corresponds  to  the 
radius  and  the  fibula  to  the  ulna.  Tbe  limb  aniage  soon  becomes  divided  into  three  primary 
segments.  The  distal  segment  (hand  or  foot)  is  a  flattened  rounded  disc,  in  which  the  digits 
soon  appear  (fig,  26).  The  proximal  portion  forms  the  forearm  or  leg  and  the  arm  or  thigh. 
In  general,  the  extremities  follow  the  law  of  cranio-caudal  and  dorso-ventral  (proximo-distal) 
development. 

Fig.  28B.— Face  of  Human  Embbto 
AT  Staqe  SuasTLT  Lateb  than  28A. 
(After  KalliuB.) 
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1.76 

0.82 
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Pr«iuital  growth. — The  prenatal  growth  of  the  human  body  in  length  and  weight  is  indi- 


the  length  in  centimetres.  After  this,  the  age  in  months  multiplied  by  five  gives  the  le^th. 
This  gives  approximate  results,  except  for  the  first  month. 

While  the  growth  in  (Aaolute  weight  increases  from  month  to  month,  it  is  important  to  note 
that  the  real  (relative]  growth  rate  rapidly  diminishes.  The  ovum  increases  in  weight  during 
the  first  month  atmut  1000  times,  or  100,000  per  cent,  (not  including  the  extra-embryonic 
structures).  This  rate  diminishes  rapidly,  however,  so  that  the  increase  during  the  last  I<etal 
month  is  only  about  33  per  cent. 

The  continuation  of  growth  in  length  and  weight  during  the  postnatal  period  is  shown  in 
the  following  chart  (fig.  30). 

The  following  chart  is  based  upon  data  from  Camerer  (1-5  yrs.),  Porter  (6-17  yrs.),  and 


r  and  taller  than  the  female,  except  during  the  acceleration  at  the  period 
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Fio.  30, — Chast  Showing  Avehaqe  Fobtnatal  Growth  in  HstaBT  and  WetaHT. 
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of  puberty.  Fubertj^  occurs  earlier  in  the  female,  so  that  between  the  ages  of  12  and  15  the 
giru  exceed  the  bojs  in  average  height  and  weight.  With  the  exception  of  this  period  of  accel- 
eration, the  (rBlAtive)Krowth  rate  in  general  dimioiflhes  eteadily  from  birth,  and  has  practically 
ceased  at  20  years.  The  average  height  at  this  time  is  about  160  om.  (Sft.,  Sin.)  in  the  female, 
and  170  cm.  (G  ft.,  Tin.)  in  the  male;  average  weight,  about  66  kilograms  (126  lbs.)  in  the  female, 
and  65  kilogr&ma  (146  IbB.)  in  the  male.  Under  favourable  conditions,  growth  in  height  may  con- 
tinue atowly  up  to  about  25  years,  and  in  we^t  even  longer;  but  in  old  age  then  is  a  slight 
decrease  in  both  height  and  weight. 

The  following  measureineQts  (from  Holt,  "Diseases  of  Infancy  and  Childhood" 
may  be  taken  as  a  normal  average  standard  of  growth  dunng  the  first  three 
years.  The  weights  are  taken  without  clothing.  The  height  is  taken  by  plac- 
ing the  baby  on  a  perfectly  fiat  surf &ce  like  a  table,  and  having  some  one  hold 
the  child's  knee  down  bo  that  he  Ilea  out  straight,  then  taking  a  tape-measure 
and  measuring  from  the  top  of  his  head  to  the  bottom  of  his  foot,  holding  the 
tape  line  absolutely  straight.  The  chest  is  measured  by  means  of  a.  tape  line 
passed  directly  over  the  nipples  around  the  child's  body  and  midway  between 
full  inspiration  and  full  expiration.  The  head  measurement  is  taken  directly 
around  the  circumference  of  the  head,  over  the  forehead  and  occipital  bone. 


Krth 

6  months. . , 
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13.9 
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16.0 

25.4 

16.5 

17.0 

16.5 
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18-0 

,        19.8 

28.7 
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22.8 

30.0 

18.5 

lS.fi 

t  Girls    

/  Boys    

26.5 

32. « 

19.0 

18.9 

25.5 

32.5 

18.5 

20.1 

19.3 

{ Girls  :;:::;. 

1       30.0 

35.0 

19.8 

19.0 

Relative  growth  of  the  parts. — The  growth  of  the  body  is  not  uniform  in  the 
various  parts,  and  changes  in  proportions  therefore  occur  during  development,  as 


1  mo.  (fatal)  5  mo.  nevborn  3711.  6  yri.  II  j».  iSTf*. 

shown  in  fig.  31.  It  will  be  noted  that  the  changes  are  in  accordance  with  the 
law  of  developmental  direction  previously  explained,  the  growth  impulse  passing 
along  the  body  in  a  cranio-caudal  direction. 

The  head  is  therefore  largest  in  the  earlier  stages,  forming  about  half  the  body,  decnaaing 
to  25  per  cent,  in  the  newborn,  and  to  7  or  8  per  cent,  of  the  body  in  the  adult.  The  upper 
Umbt  increaae  to  about  ID  per  cent,  of  the  body  at  birth,  maintaining  thereafter  about  the  same 
relative  size.     Thefrunft  asa  whole  remains  of  about  the  same  relative  siie  (about  45  per  cent.), 


VARIABILITY  25 

althou^  the  thoracicportion  reachea  its  maximuia  in  the  earlier  stages,  and  the  pelvic  portion 
ttotuaulftdultlife.  The  faiiMrKmfts,  like  the  pelvis,  develop  slowly,  forming  about  20  percent. 
of  the  body  at  birth  and  reaching  35  per  cent,  in  the  adult. 

Relative  growtii  of  the  systems. — There  is  also  a  marked  difference  in  the  lektive  growth 
of  the  various  systems.  Data  for  the  skin  and  skeUttm  are  somewhat  scanty  and  unsatis- 
futory.  The  mutcitlaiure,  however,  is  relatively  small  in  the  embryo,  increasing  to  about  25 
per  cent,  of  the  body  in  the  newborn,  and  to  40  or  45  per  cent,  in  the  adult.  The  visceral  group 
(including  brain  and  spinal  cord),  on  the  other  hand,  is  relatively  largest  in  the  early  emoryo, 
decreasing  from  about  35  per  cent,  of  the  body  to  about  24  per  cent,  in  the  newborn  and  to  about 
10  per  cent,  in  the  adult. 

KelatiTe  etowA  of  the  organs. — While  in  general,  the  individual  organs  follow  the  course 
of  telative  growth  of  the  visceral  group,  eaeh  organ  has  its  own  oharaotenatic  oourae  of  growth. 
Aa  a  rule,  after  its  appearance  in  the  embryo,  each  organ  increases  more  or  less  rapidly  to  its 
muiniuiQ  relative  aise,  after  which,  although  increasing  in  abtolute  siie,  it  decreases  in  relative 
tiie  through  subsequent  prenatal  and  postnatal  life  up  to  the  adult. 

Tbua  the  brain  m  the  embryo  of  the  second  month  forme  more  than  20  per  cent,  of  the  body, 
but  steadily  declines  to  about  13  or  14  per  cent,  in  the  newborn,  and  about  2  per  cent,  in  the 
adult.  The  ipirud  cord  and  eyeballs  have  a  similar  course  of  growth.  The  heart  decliaes  from 
»bout  S  per  cent,  of  the  body  in  the  embryo  of  the  second  month  to  about  .75  per  cent,  in  the 
newborn  and  -46  per  cent,  in  the  adult.  The  Itcer  decreases  from  a  maximum  of  nearly  10  per 
cent,  in  the  third  month  to  5  per  cent,  in  the  newborn  and  2,7  per  cent  in  the  adult.  Theeupro- 
Ttnal  jlandt  decrease  from  about  .46  per  oent.  of  the  body  in  the  third  month  to  .23  per  cent, 
in  the  newborn  and  .01  per  cent,  in  the  adult.  The  lunge  decrease  from  3.3  per  cent,  in  the 
Fourth  month  to  about  2  per  cent,  of  the  body  at  birth  and  1  per  cent,  (bloodless  weicht)  in 
the  sdult.  The  kidneys  r«ach  a  maximum  of  about  1  per  oent.  of  the  body  toward  the  end  of  the 
f<£tal  period,  decreasing  to  about  ,  46  per  cent,  in  the  adult.  The  thymus,  thyroid,  spleen  and 
aUmentary  canal  likewise  reach  their  maximum  slovrly,  being  probably  relatively  lar^st  about 
the  time  of  birth.  The  ooary  and  testis,  however,  appear  to  be  relatively  largest  during  the 
jmnatal  period. 

Variability. — It  must  be  borne  in  mind  that  all  statements  concerning  struc- 
ture refer  to  the  average  or  norm,  and  are  always  subject  to  variation.  This  is 
therefore  a  topic  of  importance  to  students  of  anatomy.  Variations  are  classified 
as  either  germinal  or  somatic. 

Germinal  variations  are  due  to  fundamental  differences  in  the  germ  ^laam,  and  are  trans- 
mitted by  heredity.  These  include  many  of  the  characters  whereby  one  individual  differs  from 
uwther.  Variations  according  to  sex  are  included  under  this  class.  Variations  inherited  from 
more  or  less  remote  ancestors  are  termed  atatrislie  or  revertional. 

Somatic  variations,  or  'acquired  obaracteraj'  are  due  to  environmental  influences,  such 
u  nutrition,  temperature,  shelter,  disease,  training,  etc.  While  somatic  variations  may  be 
very  great,  they  do  not  affect  the  germ  plasm  and  are  not  transmitted  by  heredity. 

In  many  cases  it  is  exceedin^j^  difficult  to  distinguish  germinal  from  somatic  variations 
Size,  for  example,  may  be  due  to  either  or  both.  Moreover,  eomatic  variations  may  be  pro- 
duced at  any  tmie  aft«r  the  fertilisation  of  the  ovum.  Very  slight  environmental  chants  are 
ajtnetimes  sufficient  to  produce  a  marked  effect  upon  the  delicately  balanced  mechanism  of 
the  developing  embryo.  Malformations  and  pathological  oonditions  are  thus  often  to  be 
explained.  As  to  the  eztent  of  variability,  some  characters  are  much  more  variable  than  others. 
Height,  for  example,  is  less  variable  than  weight.  Moreover,  variabiUty  differs  in  the  various 
parts  and  organs.  In  seneral,  the  head  and  head  organs  are  less  variable  than  the  remainder 
of  the  body.     The  skeleton  and  musculature  appear  less  variable  than  the  integument  and 


References.— £??i6rj/oio(^:  Keibel  and  Mall,  Human  Embryology  (2  vols,); 
Bryce,Quain'B  Anatomy,  11th  ed.,vol.  l;Minot,  Laboratory  Text-book  of  Embry- 
ology; McMurrich,  Development  of  the  Human  Body.  Growth:  Minot,  Age, 
Growth,  and  Death;  Jackson,  Amer.  Jour.  Anat.,  vol.  9;  Anat,  Record,  vol.  3. 
Heredity:  Davenport,  Heredity  and  Eugenics;  Walter,  Genetics.  Biometryr 
Davenport,  Statistical  Methods;  Yule,  Theory  of  Statistics. 
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27.  Effect  of  acute  and  chronic  inanition  upon  the  relative  weighia  of  the 
Torious  organs  and  systems  of  adult  albino  rats.  C.  M.  Jackson, 
Institute  of  Anatomy,  University  of  Minnesota,  Minneapolis. 
Twenty-one  well-nourished  adult  rats  were  used,  initial  body  weights 
varying  from  182  to  367  grams.  Fifteen  rats  were  used  for  acute 
inanition,  being  allowed  water  but  no  food.  They  were  killed  after  6 
to  12  days,  the  loss  in  body  weight  varying  from  25  to  39  per  cent  (aver- 
age loss,  36  per  cent).  Six  rats  were  subjected  to  chronic  inanition, 
being  underfed  so  as  to  reduce  the  body  weight  slowly  through  a  period 
of  about  five  weeks,  and  were  killed  when  the  loss  in  bwiy  weight 
reached  about  36  per  cent.  The  results  below  stated  apply  in  general 
to  both  acute  and  chronic  inanition,  unless  otherwise  specified.  The 
published  data  of  Donaldson,  Hatai,  Jackson  and  Lowrey  are  taken  as- 
normal  for  comparison.  On  account  of  the  great  variability  of  some 
oi^ns  and  the  relatively  small  number  of  observations,  final  conclu- 
sions are  in  some  cases  uncertain. 

The  head  and  fore-limbs  lose  relatively  less  than  the  body  as  a  whole. 
Their  relative  (percentage)  weight  therefore  increases.  Of  the  ^stems 
— integument,  skeleton,  musculature,  viscera  and  'remainder* — the  in- 
tegumer  t  loses  relatively  nearly  the  same  as  the  whole  body,  and  there- 
fore nearly  maintains  its  original  relative  (percentage)  weight.  The  . 
same  is  true  of  the  musculature,  which  however  undergoes  a  somewhat 
greater  loss  in  relative  weight  during  chronic  inanition.  The  visceral 
group,  as  a  whole,  undergoes  little  change  in  relative  weight,  decreas-  . 
ing  slightly  in  acute  inanition.  The  individual  organs,  however,  vary 
greatly,  as  indicated  below.  The  skeleton  retains  nearly  its  original  ab- 
solute  weight,  and  therefore  increases  greatly  in  relative  weight.  There 
is  a  corresponding  decrease  in  the '  remainder,'  due  chiefly  to  loss  of  fat. 
The  individual  viscera  may  be  classified  in  three  groups: 

(1)  The  brain,  spinal  cord  and  eyeballs  show  little  or  no  loss  in 
absolute  weight,  compared  with  the  normal  at  the  initial  body  weight, 
hence  their  relative  (percentage)  weight  has  markedly  increased  with 
the  diminution  in  body  weight  during  inanition.  The  same  is  appar- 
ently true  for  the  thyroid  gland  in  acute  inanition,  but  in  chronic 
inanition  there  is  apparently  a  loss,  though  relatively  les"?  than  in  the 
body  as  a  whole.  The  suprarenal  glands  also  apparently  lose  less  in 
absolute  weight  than  the  body  as  a  whole,  hence  their  relative 
(percentage)  weight  increases. 

(2)  The  heart,  lungs,  kidneys,  testis,  epididymis  and  hypophysis 
undergo  nearly  the  same  relative  loss  in  weight  as  the  body  as  a  whole, 
therefore  their  relative  (percentage)  weight  remains  nearly  the  same. 
The  thymus  has  already  undergone  age  involution,  and  is  therefore  not 
materially  affected  by  inanition. 

(3)  The  liver  and  the  alimentary  canal  (both  empty  and  including 
contents)  usually  decrease  in  weight  relatively  more  than  the  body 
as  a  whole.  The  spleen  is  exceedingly  variable;  in  acute  inanition  it 
usually  shows  a  marked  decrease  in  relative  weight  (although  averag- 
ing higher  in  chronic  inanition). 
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28.  ChaTiges  in  young  aibino  rats  kdd  at  constant  body  weight  by  under- 
feeding for  various  periods.  C.  M.  Jackson,  Institute  of  Anatomy, 
University  of  Minnesota,  Minneapolis. 

Ten  Utters,  including  65  rats,  were  used.  Twenty-five  rats  were 
used  as  controls,  including  11  at  3  weeks  of  age,  2  at  6  weeks,  6  at  10 
weeks,  3  at  32  weeks,  and  3  at  35  weeks.  In  addition,  data  previously 
gathered  by  observations  upon  several  hundred  normal  rats  were  avail- 
able for  comparison.  Forty  rats  were  held  at  constant  body  weight 
by  underfeeding  for  various  periods,  8  rats  from  age  of  3  weeks  to  age 
of  6  weeks;  3  rats  from  3  weeks  to  8  weeks;  22  rats  from  3  weeks  to  10 
weeks;  1  rat  from  3  weeks  to  13  weeks;  1  rat  from  3  weeks  to  16  weeks; 
2  rats  from  6  weeks  to  32  weeks;  and  3  rats  from  10  weeks  to  35  weeks. 
On  account  of  the  great  variability  of  some  oi^ns,  the  number  of 
observations  in  some  cases  is  insufficient  for  final  conclusions- 

As  to  body  proportions,  the  relative  weights  of  the  head,  trunk  and 
extremities  remain  practically  unchanged  in  young  albino  rats  held  at 
constant  body  weights. 

Of  the  systems — integument,  skeleton,  musculature,  viscera  and 
'  remainder '^the re  is  but  little  change  in  the  weight  of  the  muscula- 
ture, visceral  group  (as  a  whole)  and  'remainder.'  There  is,  however, 
usually  a  marked  decrease  in  the  integument,  counter-balanced  by  a 
marked  increase  in  the  skeleton.  Thus  under  these  conditions  the 
growth  capacity  appears  weakest  in  the  skin  and  strongest  in  the  skele- 
tal system.  This  is  in  striking  contrast  with  the  normal  growth  proc- 
ess, during  which  the  musculature  shows  the  greatest  increase  and  the 
skeleton  lags  behind  relatively. 

The  increase  in  the  skeleton  during  constant  body  weight  appears  to 
involve  the  ligaments  and  cartilages  as  well  as  the  bony  skeleton.  The 
skeletal  growth  tends  to  proceed  along  the  lines  of  normal  development, 
as  indicated  by  changes  in  water  content,  by  formation  and  union  of  epi- 
physes, and  by  relative  elongation  of  the  tail  (compared  with  trunk 
length).  The  teeth  also  continue  to  develop  normally  (eruption  of 
third  molars). 

The  individual  viscera  may  be  classified  in  three  groups. 

(1)  There  is  durii^  the  maintenance  of  constant  body  weight  a  well- 
marked  increase  in  the  weights  of  the  spinal  cord  aad  eyeballs;  usually 
also  of  the  testis  alimentary  canal  (both  empty  and  including  contents) 
and  h3T)ophysi8. 

(2)  There  is  no  marked  change  in  the  weights  of  the  brain,  heart, 
lungs,  suprarenal  glands,  kidneys  and  epididymi.  The  liver  is  variable, 
with  apparently  a  slight  tendency  to  increase  in  the  younger  rats  an<l 
to  decrease  in  the  older. 

(3)  There  is  always  a  marked  decrease  in  the  weight  of  the  thymus 
('hunger  involution');  usually  also  of  the  spleen  (earlier  stages)  and 
probably  to  a  slight  extent  of  the  lungs  and  thyroid  gland. 
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As  emphasized  by  the  author  in  a  previous  paper  (Jackson  '13), 
there  is  great  need  of  a  series  of  comprehensive  growth  norms, 
which  would  serve  as  a  basis  for  experimental  work  and  give  a 
better  insight  into  the  growth  process  in  animals.     Through  the 
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investigations  of  Donaldson,  Hatai,  Jackson,  Lowrey  and  othera, 
considerable  progress  has  been  made  toward  the  establishment  of 
a  growth  nonn  for  the  albino  rat.  Since  the  normal  growth  proc- 
ess and  the  relative  weights  of  the  organs  are  frequently  modified 
by  mahiutrition  from  various  (sometimes  unsuspected)  causes,  it  is 
clearly  of  great  importance  to  know  the  effects  produced  by  in- 
anition. In  drawing  conclusions  from  the  results  of  any  experi- 
ment upon  animals,  the  possible  effect  of  inanition  should  always 
be  kept  in  mind.  The  present  investigation  upon  this  subject, 
which  was  begun  at  the  University  of  Missouri,  has  been  con- 
tinued at  the  University  of  Minnesota  with  the  aid  of  a  special 
grant  from  the  research  fund  of  the  Graduate  School.  The 
grant  was  used  to  employ  a  research  assistant,  who  cared  for 
the  animals  and  assisted  in  the  dissections,  weighings,  calcu- 
lations, etc. 

iUTEEIAL  AND  METHODS 

The  material  included  21  well-nourished  adult  albino  rats 
(Mu.s  Norvegicus  albinus)  of  unknown  age.  Two  of  these.  (O  5 
and  O  6)  were  derived  from  the  Missouri  colony  and  19  from  a 
local  Minnesota  stock.  Of  the  21,  4  were  females  and  17  males. 
They  had  been  fed  chiefly  upon  grain  (oats  and  com)  with  occa- 
sional meat  and  vegetables,  and  were  placed  upon  a  bread  and 
milk  diet  for  some  days  before  beginning  the  experiment.  Dur- 
ing the  experiment  they  were  kept  in  cages  with  wire-net  bot- 
toms, allowing  the  feces  (which  might  otherwise  be  eaten)  to  drop 
through. 

Fifteen  of  the  rats  were  used  for  the  acute  inanition  experi- 
ment. They  were  allowed  plenty  of  water,  but  no  food  other- 
wise. They  were  weighed  daily  and  the  individxial  records  kept. 
The  initial  body  weights  varied  from  182  to  367  grams  (table  3). 
They  were  killed  after  6  to  12  (average  9)  days,^  the  total  loss 
in  body  weight  varying  from  25  to  39  per  cent  (average  loss, 

'  Uoll  ClI)  found  Ihat  the  wild  brown  (Norway?)  rat  in  captivity  would  live 
only  3  or  4  days,  with  loss  of  25  or  30  per  cent  in  body  weight,  when  water  is 
supplied  but  toad  withheld.  Among  animalB  in  general,  the  older  or  larger  are 
able  In  withstand  inanition  longer  than  the  younger  or  smaller  animals,  probably 
on  account  of  lees  rapid  metabolism  in  the  former. 
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about  33  per  cent).  This  represents  moderately  severe,  but  not 
extreme  inanition,  as  a  well-nourished  adult  albino  rat  will 
probably  lose  40  per  cent  of  his  body  weight  before  death,  if 
kept  warm.  When  pushed  to  the  extreme,  however,  the  rat  is 
likely  to  die  unexpectedly,  with  imdesirable  post  mortem 
changes.  These  might  affect  not  only  the  stnictiu^  but  also  the 
weight  of  the  organs,  through  congestion  and  coagulation  of  blood, 
and  should  therefore  be  avoided.  Three  of  the  rats  included  (table 
3,  rats  Nos.  M  9,  M  13,  and  S  28)  were  found  dead,  and  in  this 
case  merely  the  weights  of  the  head,  extremities,  integument, 
skeleton  and  musculature  (which  did  not  appear  to  be  materially 
affected)  are  recorded. 

In  the  rats  subjected  to  acute  inanition,  the  daily  loss  in 
body  weight  was  fairly  uniform  in  some- individuals,  but  varied 
greatly  in  others.  As  might  be  expected,  the  loss  is  usually 
(though  not  invariably)  greatest  on  the  first  day  of  the  experi- 
ment, probably  due  to  the  reduction  in  contents  of  the  stomach 
and  intestines.  In  most  cases  (11  out  of  15)  the  loss  in  body 
weight  is  greater  during  the  first  half  than  during  the  second 
halt  of  the  experiment,  though  the  difference  is  usually  sUght. 
There  is  no  constant  relation  between  the  percentage  loss  in 
body  weight  and  either  the  initial  body  weight  or  the  length  of 
the  inanition  period.  In  general,  the  loss  in  body  weight  of 
albino  rats  during  acute  inanition  is  very  similar  in  extent  and 
variations  to  that  found  by  Chossat  ('43)  for  pigeons.  Chossat 
demonstrated  that  the  loss  in  body  weight  is  greatest  in  the  first 
third  of  the  inanition  period,  sUgbtly  less  in  the  last  third,  and 
considerably  less  in  the  middle  third. 

In  order  to  compare  the  results  of  chronic  inanition,  6  rats 
(all  males)  were  fed  upon  a  bread  and  milk  diet  gradually  de- 
creased in  amount,  so  as  to  reduce  the  body  weight  about  1  per 
cent  (of  the  initial  weight)  daily.  Water  ad  I'ibitum  was  also 
suppUed.  This  was  continued  until  the  loss  in  body  weight 
amounted  to  an  average  of  about  36  per  cent,  which  required 
about  5  weeks  (table  3).  The  amount  of  food  (entire  wheat 
(Graham)  bread  soaked  in  whole  milk),  required  for  this  purpose 
varied  somewhat  in  individuals,  but  was  approximately  10  per 
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cent  of  the  body  weight  daily.  This  is  usually  found  insufficient 
for  the  maintenance  of  body  weight  in  adult  albino  rats  at  ordi- 
nary room  temperature.  One  rat  (No.  M  4)  was  found  dead : 
the  others  were  killed. 

At  the  end  of  the  experiment,  in  both  acute  and  chronic  in- 
anition, the  rats  were  kUled  by  chloroform  and  the  various 
organs  and  parts  carefully  dissected  and  weighed.  The  techni- 
que followed  is  that  described  by  Jackson  ('13)  and  Jackson  and 
Lowrey  ('12).  The  skeleton  was  first  prepared  as  heretofore  by 
carefully  dissecting  off  the  musculature,  leaving  the  periosteum, 
ligaments  and  cartilages  intact.  This  is  recorded  as  'ligamentous 
skeleton.'  In  most  cases  the  periosteum  and  ligaments  were  then 
removed  by  maceration  for  about  one  hour  in  1  per  cent  'gold 
dust'  solution,  following  which  the  bones  were  cleaned  under  water 
with  forceps  and  camel's  hair  brush.*  So  far  as  possible,  the 
cartilages,  including  the  intervertebral  disks,  were  left  intact  and 
included  with  the  skeleton.  The  skeleton  was  then  taken  from 
the  water  (excess  moisture  removed  by  filter  paper)  and  weighed 
as  'cartilaginous  skeleton.'  The  skeleton  was  then  dried  for  30 
days  in  a  dust-proof  case  at  ordinary  room  temperature.  This 
was  found  insufficient  to  remove  all  moisture,  so  the  skeletons 
were  finally  dried  several  days  in  an  oven  at  about  90°C.,  until  a 
constant  weight  was  reached. 

Portions  of  the  various  tissues  and  organs  were  preserved  for 
histological  study,  which  will  be  considered  in  a  later  paper. 

As  heretofore,  in  calculating  the  percentage  weights,  the  net 
body  weight  (gross  body  weight  less  intestinal  contents)  is  taken. 
The  percentage  weights  of  the  organs  are  therefore  slightly 
higher  than  they  would  be  if  calculated  upon  the  basis  of  the 
gross  body  weight,  but  the  difference  is  usually  negligible,  as 
the  intestinal  contents  form  only  2  or  3  per  cent  of  the  body 
weight  during  inanition. 

'  For  this  method  of  preparing  the  cartilaginous  akelelon,  I  am  indebted  to 
Profeeaor  Donaldson  of  The  Wistar  Institute.  He  Btates  (in  a  personal  com- 
munica(ion)  that  the  fresh  skeleton  is  apparently  slightly  reduced  (about  3  per 
cent)  in  weight  by  the  'gold  dust'  treatment,  but  this  difference  is  so  small  as  to 
be  practically  negligible. 
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For  purposes  of  comparison,  the  previous  observations  upon 
the  normal  weights  of  the  various  organs  of  the  albino  rat  by 
Donaldson  ('09),  Hatai  ('13),  Jackson  ('13)  and  Jackson  and 
Lowrey  ('12)  were  utilized.  Some  unpublished  data  from  the 
Missouri  Agricultural  Experiment  Station  upon  a  series  of  six 
steers,  varying  from  very  fat  to  thin,  are  cited  through  the 
courtesy  of  Professors  Trowbridge  and  Moulton. 

The  averages  given  in  table  3  are  the  arithmetical  means  of 
the  corresponding  individual  observations  in  the  acute  and  the 
chronic  inanition  series,  respectively.  In  estimating  the  nor- 
mals at  corresponding  initial  body  weights  for  comparison,  how- 
ever, merely  the  averages  were  used.  That  is,  the  absolute 
weight  of  each  organ  corresponding  to  the  average  body  weight 
was  estimated  (from  data  ah^ady  available  for  the  normal  rat), 
and  the  corresponding  percentage  we^ht  calculated.  This  is 
not  quite  so  accurate  as  it  would  have  been  if  the  corresponding 
normal  for  each  individual  had  been  estimated,  and  the  mean  of 
these  taken  for  comparison  with  the  averages  in  the  acute  and 
chronic  inanition  series.  However,  the  difference  is  slight  and 
apparently  not  sufEcient  in  the  present  series  to  justify  the 
more  laborious  method  of  making  the  individual  estimates. 

In  view  of  the  comparatively  small  number  of  observations, 
and  the  known  variability,  especially  of  some  of  the  organs 
(Jackson  '13),  the  conclusions  reached  in  the  present  paper  are 
by  no  means  to  be  considered  as  final.  It  is  believed,  how- 
ever, that  they  are  sufiBcient  to  give  an  approximate  idea  of 
some  of  the  more  obvious  and  important  changes  in  weight  dur- 
ing inanition.  As  such  they  may  be  useful,  even  though  limited 
in  numb^-,  and  may  lead  to  fiuiiier  and  more  extensive  inves- 
tigations in  the  case  of  various  individual  organs.  In  general, 
the  amount  of  variation  found  is  sufKcient  to  demand  the  exer- 
cise of  caution  in  drawing  conclusions  from  an  insufficient  num- 
ber of  observations,  as  is  sometimes  done  in  experimental  work. 

Although  the  literature  on  the  subject  of  inanition  is  ex- 
tremely large,  comparative'y  few  specific  data  directly  bearing 
upon  the  question  of  the  changes  in  the  weight  of  the  various 
organs  are  to  be  found.     These  are  referred  to  later  under  the 
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appropriate  headings.  Papers  dealing  merely  with  histological 
changes  are  usually  not  mentioned.  Extensive  references  to 
the  literature  on  inanition  will  be  found  in  the  articles  by  Morgulis 
CIJ)  and  Miihhnann  ('99). 

LENGTH  OF  BODY  AND  TAIL 

With  reference  to  the  body  weight  compared  to  the  body 
(nose-anus)  length  at  the  end  of  the  inanition  period,  the  nor- 
mal relations  as  determined  by  Donaldson  ('09)  were  used  for 
comparison.  As  might  be  expected,  the  body  weight  following 
inanition,  both  acute  and  chronic,  is  found  to  be  lower  than  nor- 
mal for  corresponding  trunk  length,  since  the  skeleton  is  known 
to  be  in  general  but  sUghtly  affected  by  inanition.  The  differ- 
ence, however,  is  surprisingly  small.  It  is  a  noteworthy  fact 
that  the  mitial  body  weight  of  the  animals  used  in    he  experi- 


Normal  gross  body  mcigbt  (tbeoretic&I,  Donaldson)  corre- 
sponding to  body  length  at  end  of  iaaiution  period,  average 
(from  individual  calculations) '       191  147 

Actual  gross  body  weight  found  at  beginning  of  the  inani-  i 
tion  period,  average  (table  1) 255  2U 

Actual  groBB  body  weight  found  at  end  of  the  inanition 
period,  average 170  136 

ments  is  far  greater  than  that  normal  for  the  body  length  at 
the  end  of  the  inanition  period.  (The  length  cannot  be  accu- 
rately measured  in  the  living  animal  without  anesthetics  at  the 
beginning  of  the  experiment.) 

Thus,  as  shown  in  table  1,  the  body  length  at  the  end  of  the 
inanition  period  corresponds  to  a  body  weight  much  nearer  to 
the  final  than  to  the  initial  weight  of  the  animals  subjected  to 
inanition. 

There  are  two  possible  explanations  for  this  surprisingly  close 
approach  to  the  normal  in  the  body  weight  after  inanition.  It  is 
possible  that  the  rats  at  the  beginning  of  the  experiment  were 
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somewhat  too  heavy  for  the  normal  at  corresponding  body 
length.  This  might  account  for  the  result,  even  on  the  assump- 
tion that  the  body  length  has  remained  constant  during  the 
period  of  inanition.  On  the  other  hand,  it  is  more  probable  that 
there  has  been  an  actual  sUght  decrease  in  the  trunk  length  dur- 
ing  inanition  (probably  due  to  shrinkage  of  the  intervertebral 
disks),  which  would  equally  well  account  for  the  facts  observed. 
Individual  variations  must  also  be  kept  in  mind,  as  well  as  the 
possibility  that  the  normal  ratio  of  body  weight  to  body  length 
in  the  strain  of  rats  used  may  differ  somewhat  from  the  normal, 
as  determined  by  Donaldson. 

The  theory  of  a  decrease  in  the  trunk  length  during  inanition 
is  strengthened  by  the  apparently  changed  ratio  of  tail  length 
to  body  length.  In  a  separate  paper  (Jackson  '15)  I  have  shown 
that  the  normal  ratio  of  the  tail  length  to  body  length  in  the 
albino  rat  increases  from  an  average  of  about  0.36  in  the  new- 
bom  to  0.88  at  6  weeks  (body  weight  50  grams),  decreasing 
slowly  to  about  0.85  at  a  body  weight  of  200  grams  and  to  about 
0.80  at  300  grams.  (The  lower  ratio  foxmd  in  the  heavier  rats 
is  partly  due  to  the  absence  of  females,  in  which  the  tail  aver- 
ages relatively  longer  than  in  the  males.)  Thus  it  appears  that 
in  rats  with  body  weights  corresponding  to  the  initial  weights  in 
the  inanition  series,  the  normal  averatre  ratio  of  tail  length  to 
body  length  should  be  between  0.80  and  0.85.  It  is  impracti- 
cable to  make  the  actual  measurements  on  the  hving  animals, 
although  this  might  be  done  by  the.use  of  anesthetics.  The 
data  given  in  table  3  show  that  at  the  end  of  the  inanition  period, 
however,  the  average  ratio  in  the  acute  inanition  series  is  0.93, 
and  in  the  chronic  inanition  series,  0.97.  Thus  it  appears  that 
inanition  in  adult  albino  rats  tends  to  produce  relatively  long- 
tailed  individuals,  due  probably  to  a  shrinkage  in  the  trunk  length. 

Hatai  ('08)  reached  the  opposite  conclusion,  viz.,  that  under- 
feeding produces  shor^tailed  individuals;  but  his  observations 
were  upon  younger,  growing  rats,  in  which  the  conditions  might 
be  somewhat  different.  Morgulis  ('11)  in  the  salamander,  Die- 
myctylus,  Ukewise  found  a  greater  shrinkage  in  the  tail  during 
inanition,  while  Harms  ('09)  found  the  converse  to  be  true  in 
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Triton.  This  question  is  discussed  more  fully  in  the  paper  above 
referred  to  (Jackson  '15),  the  conclusion  being  that  inanition  in 
young  rats  also  tends  to  produce  relatively  long-tailed  individuals. 

HEAD 

The  head  (fg.  1;  table  3)  in  acute  inanition  averages  about 
11.2  per  cent  of  the  body  weight,  varying  from  10  per  cent  in 
the  larger  rats  to  13.9  per  cent  in  the  smaller.  Normally  (Jack- 
son '13;  Jackson  and  I  owrey  '12)  in  rats  corresponding  to  the 
body  weight  at  the  beginning  of  the  experiment,  the  head  should 
range  from  about  8  per  cent  in  the  larger  rats  to  10  per  cent  in 
the  smaller,  the  average  for  the  group  being  about  9  per  cent. 
Thus  we  may  ^sume  that  during  the  period  of  acute  inanition 
the  head  has  increased  from  an  average  of  about  9  per  cent  to 
about  11.2  per  cent  of  the  body.  This  is  an  increase  of  about 
one-fourth  in  the  relative  size  of  the  head. 

Since  the  whole  body  has  lost  an  average  of  one-third  in  ab- 
solute weight,  it  m^ht  appear  at  first  glance  that  the  head 
has  remained  nearly  constant  in  absolute  we^t.  This,  how- 
ever, is  not  true.  If  the  body  weight  decreased  one-third  while 
the  head  remained  constant  in  absolute  'weight,  the  relative 
(percentage)  weight  of  the  head  would  increase  in  the  ratio  of 
2;  3  or  from  9  to  13J  per  cent.  A  study  of  the  absolute  weights 
of  the  head,  compared  with  the  normal,  at  the  beginning  of  the 
experiment  shows  that  the  head  has  actually  lost  weight,  but  in 
much  smaller  proportion  than  the  body  as  a  whole.  This  is  what  is 
to  be  expected  since,  as  will  be  shown  later,  the  brain,  eyeballs 
and  skeleton  in  general  lose  but  little  or  none  in  absolute  weight 
during  inanition ;  while  the  loss  in  fat  (some  of  which  is  on  the 
head)  is  great,  and  the  loss  in  the  integument  and  musculature  is 
in  nearly  the  same  proportion  as  in  the  body  as  a  whole. 

The  head  of  the  6  rats  subjected  to  chronic  inanition  averages 
11.4  per  cent  of  the  body  weight,  slightly  higher  than  in  acute 
inanition.  Ihe  rats  used  in  chronic  inanition  averted  smaller 
in  body  weight  (table  3),  and  the  normal  relative  initial  weight 
of  their  heads  should  therefore  be  slightly  higher,  about  10 
per  cent  (instead  of  9  per  cent,  as  in  the  acute  inanition  group). 
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9  (to)  per  cant. 

Head 
11.2  per  oont 

Head 
11.4  per  cent. 

For.-limbs 
5.0  par  cent 

Fors'timbs 
7.2  percent. 

Fore-limbs 
6.9  percent 

HInd-llmbs 
.      16.0  per  cent. 

Hiod-llmbs 
17.B  per  cent. 

Hind-linnbs 
15.3  per  oent. 

Trunk 
71.0  per  oent 

Trunk 
66.4  per  cant 

Trunk 
84.1  per  cent. 

Ncmnal  initial 


Acute  Inanition 


Chronic  Ir 


^g.  1  Diagram  repreeentiag  the  relative  (percentage)  weights  of  the  head, 
trunk  and  extremitiea  of  adult  albino  rats.  The  first  column  represents  the  re- 
lations found  in  normal  rata  corresponding  to  the  average  initial  body  weight  of 
those  used  in  the  experiments.  The  second  column  represents  the  relations  found 
in  the  acute  inanition  Bcrjes,  and  the  third  column  those  found  in  the  chronic 
inanition  eerieB. 
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EXTREMITIES  AND  TRUNK 


The  extremities  were  separated  from  the  trunk  at  the  shouldeir 
and  hip-joints,  respectively.  From  figure  1  and  table  3  it  is  seen 
that  the /ore  limbs  formed  an  average  of  7.2  per  cent  of  the  body 
in  the  acute  inanition  series,  and  6.9  per  cent  in  the  chronic 
inanition  series.  According  to  Jackson  and  Lowrey  {'12),  in  the 
normal  adult  rat  the  fore  limbs  form  about  5  per  cent  of  the 
body.  Consequently  it  would  appear  that  there  has  been  a  rela- 
tive increase  in  the  weight  of  the  fore  limbs  during  inanition, 
especially  during  acute  inanition.  This  increase  is  greater  than 
would  be  expected,  since  (as  will  appear  later)  the  skeleton  is 
the  only  important  constituent  of  the  limbs  which  increases  in 
relative  weight  during  inanition,  the  integument  and  musculature 
remaining  relatively  constant.  The  conclusion  as  to  the  fore- 
limbs  should  be  regarded  as  uncertain,  however,  because  of:  (1) 
the  difficulty  in  separating  the  limbs  (specially  the  skin)  in  a 
uniform  manner;  (2)  the  comparatively  small  number  of  observa- 
tions upon  which  both  the  normal  and  the  experimental  average 
is  based;  (3)  the  apparent  lack  of  agreement  between  the  results 
for  the  entire  fore  limbs  and  for  their  components,  skin,  skeleton 
and  musculature.  It  is  possible,  on  the  other  hand,  that  the 
losses  for  skin,  skeleton  and  musculature  are  not  uniform  in  all 
parts  of  the  body.  Chossat  ('13)  has  shown,  for  example,  that 
the  great  pectoral  muscles  in  pigeons  lose  relatively  much  more 
than  the  remainder  of  the  musculature  during  inanition. 

The  hind  limbs  (fig.  1 ;  table  3)  in  the  normal  adult  form  about 
15  per  cent  of  the  laody  (Jackson  and  Lowrey).  As  might  be 
expected,  this  is  sfightly  increased,  to  17.5  per  cent,  in  the  acute 
inanition  series,  probably  on  account  of  the  relatively  heavier 
skeleton.  In  the  chronic  inanition  series,  the  hind  limbs  average 
15.3  per  cent,  or  about  the  same  as  normal.  This  may  be 
explained  as  due  to  the  relatively  greater  loss  in  the  int^Eu^ent 
and  musculature  during  chronic  inanition  (as  will  be  shown 
later),  this  loss  tending  to  counterbalance  the  relative  increase 
in  the  skeleton. 

The  trunk  (fig.  1;  table  3)  is  measured  by  substracting  the 
weight  of  the  head  and  extremities  from  the  net  body  weight. 
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It  forms  normally  about  0.71  per  cent  of  the  adult  body  (Jack- 
son and  Lowrey).  During  inanition,  the  tnmk  becomes  relatively 
smaller,  averaging  64.6  per  cent  in  the  acute  inanition  series 
(64.1  per  cent,  corresponding  to  the  average  of  11.2  per  cent  for 
the  head  in  a  larger  series),  and  66.4  per  cent  in  the  chronic 
inanition  series.  The  relative  decrease  in  the  trunk  of  course 
counterbalances  the  relative  increase  in  the  head  and  extremities. 

INTEGXnaENT 

As  shown  in  figure  2  and  table  3,  the  integument  (which  in- 
cludes the  skin  uid  appendages,  hair  and  claws)  is  fairly  uni- 
form in  its  relative  weight,  averaging  18.9  per  cent  in  acute 
inanition  (or  19.1  per  cent  in  those  cases  in  which  the  viscera 
were  weighed),  and  17.8  per  cent  in  chronic  inanition.  The 
average  integument  for  normal  adults  (fig.  2)  corresponding  to 
the  initial  size  of  these  rats  forms  about  18  per  cent  of  the  body 
wei^t  (Jackson  and  Lowrey  '12).  It  is  therefore  evident  that 
during  both  acute  and  chronic  inanition  in  adult  albino  rats  the 
loss  in  weight  of  the  integument  is  nearly  proportional  to  that 
of  the  body  as  a  whole,  so  the  relative  (percentage)  weight  re- 
Inains  almost  the  same. 

In  absolute  weight,  the  int^ument  has  apparently  decreased 
from  about  45.9  grams,  the  normal  at  the  average  initial  body 
weight  in  the  acute  inanition  series  (255  grams),  to  an  average  of 
31.6  grams,  as  shown  in  table  3.  This  would  correspond  to  a 
loss  of  31.2  per  cent  in  the  wei^t  of  the  integument.  In  the 
chronic  inanition  series,  the  corresponding  decrease  is  from  38.5 
to  23.7  grams,  a  loss  of  38.4  per  cent.  Apparently,  therefore, 
the  loss  in  the  weight  of  the  integument  is  relatively  slightly 
greater  during  chronic  than  during  acute  inanition. 

The  data  found  in  the  Uterature  concerning  the  relative  loss 
of  the  integument  during  inanition  are  not  in  agreement.  In  the 
dog,  Aron  ('11)  states  that  the  skin  loses  relatively  more  than  the 
muscles  (therefore,  more  than  the  body  as  a  whole) ;  Voit  ('05  b) 
cites  data  showing  a  relative  increase  in  the  (fat-free)  skin;  while 
Falck's  ('54)  data  show  the  skin  relatively  unchanged  in  weight. 
In  the  rabbit  and  cat,  observations  by  Pfeiffer  ('87),  Voit  ('66) 
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Fig  2  Diagram  representing  the  relative  (percentage)  weights  of  the  various 
Bystems  (integument,  Bkeleton,  musculature,  viscera  and  'remainder')  of  adult 
albino  rata.  The  first  column  represents  the  relations  found  in  normal  rat»  cor- 
responding to  the  average  initial  body  weight  of  thoae  used  in  the  experiments. 
The  second  column  represents  the  relations  found  in  the  acute  inanition  series, 
and  the  third  column  those  found  in  the  chronic  inanition  series. 
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and  Sedlmair  ('99)  show  a  relative  increase  in  the  skin  during 
inanition.  Much  of  the  variation  is  doubtless  due  to  the  differ- 
ences in  the  relative  amount  of  fat  present  in  the  integument 
of  the  normal  animal.  The  subcutaneous  fat  is  not  abundant 
in  the  rat.  Some  unpublished  data  from  the  Missouri  Agri- 
cultural Experiment  Station  upon  a  series  of  steers  show  that 
the  percentage  of  the  hide  increases  from  5.5  per  cent  in  a  very 
fat  animal  to  8.5  per  cent  of  the  body  in  a  thin  animal. 

SKELETON 

The  ligamentous  skeleton  (table  3;  iig.  2)  forms  an  averse  of 
15.3  per  cent  of  the  body  after  acute  inanition  (15.0  per  cent 
in  the  series  in  which  the  viscera  were  weighed),  and  16.4  per 
cent  after  chronic  inanition.  Since  the  average  for  the  normal  rat 
corresponding  to  the  initial  body  weight  of  the  animals  used  is 
only  about  10  per  cent  of  the  body  weight  (Jackson  and  Lowrey 
'12),  it  is  evident  that  while  the  body  weight  has  decreased  one- 
third  during  the  period  of  inanition,  the  ligamentous  skeleton 
has  decreased  Uttle  or  none  in  absolute  weight.  If  the  normal 
skeleton  formed  10  per  cent  of  the  body,  and  remained  constant 
while  the  body  lost  one-third  in  weight,  the  relative  we^t  of 
the  skeleton  would  be  increased  one-half,  or  to  15.0  per  cent. 
This  corresponds  with  the  observations  as  closely  as  could  be 
expected. 

In  terms  of  absolute  weight,  assuming  that  the  skeleton  formed 
10  per  cent  of  the  normal  initial  weight,  the  skeleton  apparently 
decreased  from  25.6  to  25.4  grams  in  the  acute  inanition  series 
(loss  of  0.4  per  cent);  and  increased  from  21.4  to  21.8  grams 
in  the  chronic  inanition  series  {gain  of  1.8  per  cent).  No  great 
stress  can  be  laid  upon  the  accuracy  of  these  figures,  however, 
on  account  of  the  small  number  of  observations,  and  the  varia- 
bility and  uncertainty  as  to  the  normal  weight. 

The  cartilaginous  skeleton,  including  the  bones  and  cartilages 
after  removal  of  the  hgaments  by  maceration  (as  previously 
described),  forms  an  average  of  10.9  per  cent  of  the  body  in  seven 
cases  of  acute  inanition,  and  12.4  per  cent  in  the  chronic  inani- 
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tion  series  (table  3).  No  published  observations  upon  the  nor- 
mal cartilaginous  skeleton  are  available  for .  comparison.  Pro- 
fessor Donaldson  of  The  Wistar  Institute,  however,  has  very 
kindly  sent  me  a  series  of  ol^ervations  upon  the  weight  of  the 
cartilaginous  skeleton  in  normal  albino  rats.  The  average,  in  10 
cases  with  body  weight  varying  from  194  to  426  grams,  forms 
about  6.7  per  cent  of  the  (gross)  body  weight.  In  this  series, 
howe\-er,  I  imderstand  that  the  intervertebral  cartilages  were 
not  preserved,  so  this  figure  is  probably  somewhat  too  low  for 
use  as  a  normal  to  be  directly  compared  with  my  observations 
upon  the  cartilaginous  skeleton  in  inanition.  The  normal  adult 
cartilaginous  skeleton,  including  the  intervertebral  cartilages, 
would  probably  form  about  7  per  cent  (or  sHghtly  more)  of  the  net 
body  weight. 

The  dried  cartilaginous  skeleton  (table  3)  formed  an  average 
of  5.48  per  cent  of  the  net  body  weight  in  7  eases  of  acute  inani- 
tion, and  6.03  per  cent  in  the  6  chronic  cases.  Thus  it  is  evident 
that  in  each  series  the  cartilaginous  skeleton  is  composed  of  ap- 
proximately haU  dry  substances  and  half  water.  In  the  acute 
inanition  series,  the  dry  substance  in  the  cartilaginous  skeleton 
averages  50.5  per  cent  (range,  45.1  to  54.6  per  cent).  In  the 
chronic  series,  the  dry  substance  averages  49.2  per  cent  (range, 
45.5  to  55.7  per  cent).  If  case  M  5  be  excluded  (which  appears 
to  be  exceptional  or  erroneous),  the  average  for  the  chronic 
series  ■frould  be  still  lower,  or  47.9  per  cent.  In  any  event,  the 
dry  content  appears  to  be  shghtly  lower  and  the  water  content 
correspondingly  higher  on  the  average  in  the  chronic  inanition 
series,  which  naight  be  expected. 

Data  upon  the  nonnal  composition  of  the  skeleton  of  the  rat 
for  comparison  are  scarce.  In  one  case  which  I  have  observed 
(at  10  weeks)  the  net  body  weight  was  115  grams,  hgamentous 
skeleton  9.91  per  cent  of  body  weight,  fresh  cartilaginous  skele- 
ton 5.57  per  cent,  and  dry  cartilaginous  skeleton  2.97  per  cent. 
In  this  case  the  dry  substance  formed  53.4  per  cent  of  the  car- 
tilaginous skeleton.  Lowrey  ('13)  in  two  albino  rats  (body 
weight  267.5  grams)  finds  the  ligamentous  skeleton  forming  about 
9  per  cent  of  the  body  weight,  and  containing  52.6  (52.1  to  53.1) 
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per  cent  of  dry  substance.  {This  would  probably  be  slightly 
higher  than  the  dry  content  of  the  cdrtUaginous  skeleton,  how- 
ever, on  account  of  the  higher  percentage  of  water  in  the  liga- 
ments.) Further  data  are  necessary  before  final  conclusions  can 
be  reached,  but  it  appears  that  in  the  rat  (as  in  other  animals) 
the  percentage  of  water  in  the  skeleton  is  increased  during 
inanition. 

It  is  a  well  known  fact  that  in  general  the  skeleton  loses  com- 
paratively little  during  inanition,  and  thus  increases  greatly  in 
relative  (percentage)  weight.  In  a  series  of  six  steers,  the  skele- 
ton varied  from  10.6  per  cent  of  the  body  in  a  very  fat  animal 
to  19.3  per  cent  in  a  thin  animal.  (Data  from  the  Missouri 
Agricultural  Experiment  Station.)  An  apparent  alight  loss  in 
absolute  weight  of  the  (cartilaginous?)  skeleton  has  been  ob- 
served during  inanition  as  follows:  pigeons,  by  Chossat  ('43), 
3  per  cent;  cats,  by  Voit  ('66),  14  per  cent;  little  or  none  by 
Sedlmair  ('99) ;  dogs,  little  or  none  by  Voit  ('05  a)  and  Faick 
('54);  rabbits,  little  or  none  by  Gusmitta  ('84),  Weiske  ('95)  and 
Pfeiffer  ('87). 

Since  the  calcified  framework  is  but  Uttle  affected  in  volume 
during  inanition,  it  is  evident  that  there  can  be  but  Uttle,  if  any, 
loss  in  absolute  weight  of  the  skeleton.  It  is  at  least  theoreti- 
cally possible  that  there  may  even  be  a  slight  increase  in  its 
weight,  since  the  fat  in  the  bone-marrow  is  replaced  by  a  mucoid 
substance  (Jackson  '04)  presumably  of  higher  specific  gravity. 
Examination  of  bones,  therefore,  invariably  shows  a  marked 
increase  in  water  content  during  inanition.  As  Sedlmair  ('99) 
states  (p.  33):  "Es  giebt  kein  einziges  sicheres  Beispiel  ftir  einen 
geringeren  Wassergehalt  der  Knochen  hungemder  Tiere;  alle 
Forscher  (Chossat  und  Lukjanow  an  Tauben,  Gusmitta,  C. 
Voit  und  Schondorff  an  Hunden,  Weiske  an  Kaninchen)  fanden  ■ 
darin  einen  hoheren  Wassergehalt."  This  would  naturally  vary 
in  different  bones,  and  in  different  animals,  according  to  the 
relative  fat  content.  Small  animals,  like  the  rat,  have  in  general 
relatively  much  less  marrow  fat  than  larger  animals. 
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MUSCULATURE 

The  musculature  (table  3;  f]g.  2)  forma  an  average  of  47.6 
per  cent  of  the  body  in  the  acute  inanition  series,  which  is 
slightly  higher  than  the  average  for  the  normal  adult  rat  (which 
is  about  45  per  cent,  Jackson  and  Lowrey  '12).  The  musculature 
in  the  chronic  inanition  serie?  is  somewhat  lower,  the  average 
being  43,0  per  cent  of  the  body  weight.  This  would  indicate  a 
somewhat  greater  loss  relatively  in  chronic  inanition. 

In  terms  of  absolute  weight,  the  musculature  would  appear  to 
have  decreased  from  114.75  to  79.25  grams  (a  loss  of  30.9  per 
cent)  in  the  acute  inanition  series;  and  from  96.30  to  57.0  grams 
(a  loss  of  40.8  per  cent)  in  the  chronic  inanition  series. 

There  is  much  variation  in  the  weight  of  the  musculature 
following  inanition,  judging  from  data  available  in  the  literature. 
The  statements  usually  refer  to  acute  inanition.  According  to 
Gaglio  ('84),  while  the  body  weight  of  the  frog  loses  56  per  cent 
the  musculature  loses  85  per  cent  of  its  weight.  The  muscvila^ 
ture  appears  to  suffer  a  slight  relative  loss  (decrease  in  percent- 
age weight)  in  dogs  (Falck  '54 ;  Voit  '05  b)  and  cats  {Sedlmair 
'99),  while  it  remains  nearly  unchanged  in  the  rabbit  (Pfeiffer 
'87;  Voit,  '05  b).  On  the  other  hand,  data  from  a  series  of  steers 
slaughtered  in  the  Missouri  Agricultural  Experiment  Station 
indicate  a  relative  increase  in  the  musculature  from  about  33 
per  cent  of  the  body  weight  in  a  very  fat  animal,  to  44  per  cent 
in  a  lean  animal,  due  probably  to  the  earlier  loss  of  the  fat. 
Voit  ('66)  finds  a  slight  relative  increase  in  the  musculature  of 
the  cat.  Lasarew  ('97)  in  an  extensive  series  of  guinea-pigs  sub- 
jected to  various  degrees  of  inanition  found  that  the  loss  of  the 
musculature  is  somewhat  less  than  that  of  the  body  fat  in  the 
earlier  periods,  but  greater  in  the  later  periods.  While  the  body 
weight  lost  10  per  cent,  the  musculature  lost  only  7.28  per  cent 
of  its  weight;  but  the  loss  of  the  musculature  was  much  greater 
at  later  periods.  This  would  perhaps  explain  the  relatively 
greater  loss  of  the  musculature  during  chronic  inanition. 
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VISCERA  AND  REMAINDER 

The  average  for  the  total  visceral  group  in  the  normal  adult 
rat,  according  to  Jackson  and  Lowrey  ('12;  based  upon  only  a 
few  observatione)  is  about  13.3  per  cent  of  the  body  weight. 
In  the  acute  nanition  series  {table  3;  fig.  2)  the  average  found 
is  11.1  per  cent;  while  n  the  chronic  series  it  is  13.4  per  cent. 
This  would  seem  to  indicate  that  the  loss  in  weight  is  relatively 
greater  in  acute  than  in  chronic  inanition.  As  a  matter  of  fact, 
the  great  majority  of  the  individual  organs,  as  will  be  seen  later, 
show  a  greater  relative  loss  during  chronic  inanition.  The  liver 
and  spleen  are  exceptions,  however,  and  the  large  bulk  of  the 
former  overbalances  the  other  viscera  when  all  are  grouped 
together.  On  the  whole,  there  is  not  much  change  in  the  relative 
wei(^t  of  the  visceral  group;  but  there  is,  however,  much  varia- 
tion among  the  individual  organs,  as  will  be  seen  later. 

Aron  ('II)  states  that  the  oi^ans  lose  more  than  the  muscula- 
ture during  inanition  in  dogs.  Data  by  Voit  ('05  b)  show  a  de- 
crease in  the  relative  size  of  the  viscera  in  the  rabbit,  but  not 
much  change  in  the  dog. 

The  'remainder'  is  the  amount  obtained  by  substracting  from 
the  net  body  weight  the  weight  of  the  skin,  skeleton,  muscula- 
ture and  visceral  group.  It  includes  the  loss  by  evaporation  and 
escape  of  liquids,  a  few  small  unweighed  oi^ans,  and  the  dissect- 
able  masses  of  fat.  In  the  normal  adult  rat,  the  'remainder' 
forms  about  13  per  cent  of  the  body  weight  (Jackson  and  Lowrey 
'12).  In  the  chronic  inanition  series,  the  average  is  9.4  per 
cent.  In  the  acute  series  the  average  is  7.3  per  cent.  The  de- 
crease in  the  relative  weight  of  the  'remainder'  is  probably  due 
chiefly  to  loss  of  fat. 

BRAIN 

The  average  for  the  brain  in  the  acute  inanition  series  (table 
1)  is  1.18  per  cent  of  the  body  weight.  By  means  of  the  tables 
and  curves  constructed  by  Donaldson  ('09),  the  (theoretical) 
normal  weight  of  the  brain  can  be  derived,  corresponding  to  any 
given  body  weight.  This  gives  an  average  of  0.78  per  cent  for 
the  assumed  normal  weight  of  the  brain  at  the  beginning  of  the 
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experiment  (gross  body  weight,  244  gramB).  Since  the  average 
loss  in  body  weight  during  the  inanition  period  is  one-third,  it  is 
evident  that  the  brain  has  lost  but  httle  if  any  in  absolute  weight. 

The  theoretical  average  initial  absolute  wei^t  of  the  brain  is 
about  1.902  granas,  forming  0.78  per  cent  of  the  (gross)  body 
weight  (Donaldson  '09).  According  to  Donaldson's  ('08)  table  1, 
the  brain  weight  observed  in  six  cases  averaged  1.900  grams,  the 
theoretical  being  1.905  grams,  at  the  body  weight  of  245  grams. 
If  this  absolute  weight  of  the  brain  remained  constant,  while  the 
body  weight  lost  one-third  (33.9  per  cent),  the  final  percentage 
weight  of  the  brain  would  be  increased  about  one-half,  or  to 
1.17  per  cent.  The  average  absolute  weight  of  the  brain  actually 
observed  at  the  end  of  the  period  of  acute  inanition  is  1.8046 
grams,  corresponding  to  an  average  of  1.18  per  cent  of  the  (net) 
body  weight.'  This  weight  is  slightly  less  than  would  be  expected 
if  the  brain  remained  constant  in  absolute  weight,  indicating  a 
loss  of  about  5.1  per  cent  in  the  absolute  weight  of  the  brain 
during  inanition. 

The  observations  upon  the  brain  in  chronic  inanition  (table  3) 
indicate  a  similar  condition.  The  averse  brain  in  this  series 
weighs  1.743  grams  and  forms  an  average  of  1.33  per  cent  of  the 
(net)  body  weight.  (This  is  the  mean  of  the  individual  percent- 
ages; 1.743  grams  would  form  1.31  per  cent  of  the  average  net 
body  weight,  132.5  grams;  or  1.28  per  cent  of  the  average  cor- 
responding gross  body  weight,  136  grams.)  According  to  calcu- 
lations from  Donaldson's  ('09)  data,  the  average  brain  corre- 
sponding to  the  body  weight  at  the  beginning  of  the  experiment 
(213.7  grams)  should  wei^  1.866  grams,  forming  about  0.87  per 
cent  of  the  body  weight  (the  percentage  being  higher  than  in  the 
acute  inanition  series  on  account  of  the  smaller  average  body 
weight).*  This  is  slightly  higher  than  the  result  to  be  expected 
on  the  assiimption  that  the  absolute  brain  weight  has  remained 

'  Thia  IB  the  mean  of  the  individual  percentagea,  as  showD  in  table  3.  The 
average  brain  weight,  1.8046  grams,  would  correapond  to  1.13  per  cent  of  the  cor- 
responding aver&ge  grosa  body  weight,  160  grama,  at  the  end  of  the  experiment. 

*  According  to  Donaldaon'a  ('OS)  table  1,  corresponding  to  a  body  weight  of 
215  grama,  the  average  of  8  brains,  both  sexes,  was  1.873  grams,  the  coireepon ding 
theoretical  weight  by  formula  being  1.871  grams. 
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ccustant,  while  the  body  weight  has  decreased  about  one-third 
(36.1  per  cent).  In  other  words,  the  results  indicate  a  loss  of 
about  6.6  per  cent  in  the  absolute  weight  of  the  brain  during 
chronic  inanition,  which  is  shghtly  greater  than  the  apparent  loss 
(5.1  per  cent)  during  acute  inanition.  A  larger  series  of  observa- 
tions would  be  necessary,  however,  to  draw  any  final  conclusions 
with  precision. 

The  data  agree  fairly  well  with  the  results  of  Hatai  ('04)  who 
found  an  estimated  loss  of  about  5  per  cent  in  the  weight  of  the 
brain  of  young  rats  during  chronic  Inanition.  Donaldson  ('II), 
however,  found  in  still  younger  rats  an  actual  ificrease  of  3.6  per 
cent  in  the  brain  weight  during  chronic  inanition  (body  weight 
held  constant  from  age  of  30  days  to  51  days);  while  my  own 
observations  (Jackson  '15)  indicate  httle  or  no  change  in  the 
brain  weight  under  these  conditions. 

It  has  long  been  known  that  of  all  the  organs  of  the  body, 
the  central  nervous  system  apparently  suffers  least  in  weight 
(if  at  all)  during  inanition.  Thus  Chossat  ('43)  found  no  loss' 
in  the  weight  of  the  brain  in  starved  pigeons,  with  loss  in  body 
weight  of  about  40  per  cent.  Falck  ('64)  in  dogs,  and  Lasarew 
('97)  in  guinearpigs,  found  Httle  or  no  loss  in  the  weight  of  the 
brain  and  cord  during  inanition.  Bowin  ('80)  and  Pfeiffer  ('87) 
found  an  absolute  decrease  (but  relative  increase)  in  the  brain 
weight  of  the  rabbit.  Voit  ('66)  in  cats  found  a  decrease  of 
about  3  per  cent  in  the  we^ht  of  brain  and  cord;  while  the  data 
of  Sedlmair  ('99)  would  even  indicate  an  actual  increase  in  their 
weight  during  starvation.  Data  from  a  series  of  steers  slaugh- 
tered in  the  Missouri  Agricultural  Experiment  Station  show  that 
the  absolute  weight  of  the  brain  and  cord  in  thin  animals  is  but 
very  slightly  less  than  in  very  fat  animals  with  nearlydouble  the 

*  Since  Chossat'a  reeuLts  are  often  miaquoted,  it  may  be  noted  that  he  found 
the  ftverftge  weight  of  the  brain  almost  identical  in  the  8  at&rved  pigeons  Uld 
in  8  controls  of  nearly  the  same  (initial)  body  weight;  (brain  weight  average 
3.27  gr&mB  for  starved;  2.25  grams  (or  correepanding  controls).  On  account  of 
the  difficulty  in  determining  the  exact  plane  of  separation  between  the  brain 
and  spinal  cord,  however,  Chossat  preferred  to  combine  their  weights,  thus  giving 
a  slight  decrease  (about  1 .9  per  cent)  in  the  absolute  weight  of  the  entire  central 
nervous  system  during  ii 
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body  weight.  The  relative  (percentage)  weight  is  of  course 
correspondingly  higher  in  the  thin  animals. 

In  young  animals  during  the  period  of  active  growth,  the  re- 
sults of  inanition  (especially  chronic  inanition)  are  in  general 
somewhat  different  from  those  in  adults,  since  the  tendency  of 
the  organs  to  maintenance  is  in  the  young  animal  comphcated 
by  the  growth  impulse  (Jackson  '15).  Bechterew  ('95)  found  a 
slight  apparent  loss  in  the  absolute  weight  of  the  brain  and 
spinal  cord  of  the  newborn  cat  and  dog  during  acute  inanition. 
Hatai  ('04)  found  in  a  series  of  young  albino  rats  subjected  to 
chronic  inanition  for  21  days  an  estimated  average  loss  of  about 
5  per  cent  in  the  absolute  weight  of  the  brain.  Later  (Hatai 
'08)  in  another  group  of  young  rats  in  which  growth  had  been 
retarded  by  underfeeding,  he  found  that  in  these  stunted  ani- 
mals the  brain  and  cord  had  a  weight  approximately  normal 
for  the  corresponding  body  weight.  Donaldson  ('11),  in  still 
younger  rats  held  at  nearly  constant  body  weight  by  under- 
feeding from  age  of  30  days  to  51  days,  finds  an  apparent  in- 
crease of  3.6  per  cent  in  the  weight  of  the  brain.  My  own  obser- 
vations (Jackson  '15),  however,  indicate  Uttle  or  no  chaise  in 
the  weight  of  the  brain  under  these  conditions. 

On  the  whole  It  appears  that  in  adults  inanition,  both  acute  and 
chronic,  produces  a  slight  loss  in  the  absolute  weight  of  the 
brain.  In  yoxmg,  rapidly  growing  animals,  however,  it  is  doubt- 
ful whether  any  such  loss  occurs,  especially  n  chronic  inanition, 
where  there  is  even  a  possible  increase  in  brain  weight. 

SPINAL  CORD 

The  spinal  cord  in  the  acute  inanition  series  (table  3)  has 
an  average  weight  of  0.631  gram  and  forms  an  average  of  0.41 
per  cent  of  the  body  weight.  Calculations  from  Donaldson's 
('09)  data  indicate  that  at  the  average  initial  gross  body  weight 
{244  grams)  the  spinal  cord  should  weight  0.625  gram,  forming 
0.26  per  cent  of  the  body  weight.  The  data  would  therefore 
seem  to  indicate  not  only  no  loss,  but  even  a  very  slight  gain 
of  the  spinal  cord  in  absolute  weight  during  the  period  of  acute 
inanition.     In  an  earlier  paper,  Donaldson  ('08)  in  table  4  gives 
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the  average  weight  of  the  spinal  cord  {at  body  weight  of  246 
grams)  as  0.630  gram  in  2  males,  and  0.640  gram  in  4  females. 
On  the  whole,  therefore,  we  may  conclude  that  the  spinal  cord 
during  acute  inanition  undergoes  little  or  no  change  in  weight. 
Individual  variations  make  comparisons  with  controls  more  or  less 
uncertain,  especially  in  a  relatively  small  series  of  observations. 
■  A  somewhat  different  result  is  f omid  in  the  chronic  inanition 
series.  Donaldson's  ('09)  data  would  indicate  that  the  spinal 
cord  in  body  weights  corresponding  to  the  average  initial  weight 
(214  grains)  of  this  seri^  would  form  an  average  weight  of  0.593 
gram  or  0.28  per  cent  of  the  body  weight.  In  an  earlier  paper, 
Donaldson  ('08)  in  table  4  gives  the  weight  of  the  spinal  cord 
(at  body  weight  of  215  grams)  as  averaging  0.590  gram  in  5 
males,  and  0.630  gram  in  3  females  (corresponding  theoretical 
weight  by  formula  being  0.593  gram,  sexes  combined).  The 
actual  weight  of  the  cord  found  at  the  end  of  the  inanition  period 
averages  0.569  gram,  or  about  0.43  per  cent  of  the  body  weight. 
This  would  indicate  a  loss  of  about  4  per  cent  in  the  absolute 
weight  of  the  spinal  cord  during  chronic  inanition.  Thus  in  the 
spinal  cord,  as  in  the  brain,  there  appears  to  be  in  the  adult  rat 
a  tendency  to  greater  loss  in  chronic  than  in  acute  inanition. 
In  the  young  rat,  however,  this  tendency  is  more  than  counter- 
balanced by  the  growth  impulse,  so  that  the  spinal  cord  may 
gain  in  weight  while  the  body  weight  is  held  constant  (Donald- 
son '11;  Jackson  '15). 

In  any  event,  however,  it  is  evident  that  the  adult  spinal 
cord,  like  the  brain,  shows  but  very  shght  if  any  loss  in  abso- 
lute we^t  during  inanition,  thus  increasing  markedly  in  rela- 
tive (percentage)  we^ht.  This  is  in  general  agreement  with 
the  observations  of  Chossat  ('43),  Falck  ('54),  lasarew  ('97), 
Sedlmair  ('99),  Voit  ('66),  and  Bechterew  ('95)  previously  men- 
tioned in  the  discussion  of  the  brain. 


The  eyeballs  in  the  acute  inanition  series  (table  3)  form  an 
average  of  about  0.19  per  cent  of  the  body  weight.  In  normal 
rats  corresponding  to  their  initial  body  weight,  the  average 
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should  be  about  0.12  per  cent  (Jackson  '13).  Since  the  body 
weight  has  decreased  about  one-third  (avera^  33.9  per  cent)  it 
is  evident  that  the  eyeballs  must  have  remained  nearly  sta- 
tionary in  absolute  weight,  thus  increasing  their  relative  (per- 
centage) weight  by  about  one-half.  In  terms  of  absolute  weight, 
there  would  appear  to  be  a  reduction  from  0.298  gram  (the 
theoretical  weight  correspondit^  to  the  initial  body  weight  of  244 
grama,  according  to  Hatai  '13)  to  0.285  gram,  the  final  average 
weight  of  the  eyeballs  (table  3).  This  would  indicate  a  loss  of 
4.4  per  cent. 

A  similar  condition  is  found  in  the  chronic  inanition  series. 
The  eyeballs  here  form  an  average  of  about  0.20  per  cent  of  the 
body  weight,  while  the  normal  for  the  initial  body  weight  aver- 
ages about  0.13  per  cent.  (The  higher  figures  in  the  chronic  in- 
anition series  are  due  to  the  smaller  initial  body  weight  in  this 
series.)  Thus  it  is  evident  that,  with  a  loss  of  about  one-third 
(average  36.1  per  cent)  in  the  body  weight  during  inanition,  the 
absolute  weight  of  the  eyeballs  has  changed  but  Uttle.  In  terms 
of  absolute  weight  there  would  appear  to  be  a  reduction  from 
about  0.280  gram  (the  theoretical  wei^t  corresponding  to  the 
average  initial  body  weight  of  214  grams,  according  to  Hatai 
'13)  to  0.2638  gram,  the  final  average  weight  of  the  eyeballs 
(talle  3).  This  would  correspond  to  a  loss  of  5.8  per  cent  in 
the  weight  of  the  eyeballs  during  chronic  inanition. 

That  the  eyeballs  lose  little  or  nothing  in  absolute  weight 
during  inanition,  increasing  proportionately  va  relative  (per- 
centage) weight,  is  also  indicated  by  the  data  of  Falck  ('54) 
for  the  dog,  and  Sedlmair  ('99)  for  the  cat.  Bitsch  ('95)  finds 
the  (absolute)  weight  of  the  eyeballs  in  the  dog  usually  increased 
during  inanition,  which  he  suggested  may  be  due  to  oedema. 

THYROID  GLAND 

The  thyroid  gland  in  the  acute  inanition  series  (table  3)  forms 
an  average  of  0.023  per  cent  of  the  body  weight.  The  normal 
for  the  initial  body  weights  would  average  about  0.016  per  cent 
(Jackson  '13).  Since  the  body  weight  has  been  reduced  one-third 
during  inanition,  this  would  indicate  that  there  has  been  no 


,d.y  Google 


EFFECTS   OP   INANITION  UPON   ORGANS   OF   RAT  97 

loss  in  the  absolute  weight  of  the  thyroid  gland.  In  terms  of 
absolute  weight,  the  thyroid  gland  after  acute  inanition  aver- 
ages 0.0380  gram,  which  is  almost  identical  with  the  theoretical 
weight  corresponding  to  the  average  initial  body  weight  of  244 
grams  (Hatai  '13). 

The  results  in  chronic  inanition  are  somewhat  different.  Here 
the  thyroid  gland  forms  an  average  of  about  0.020  per  cent  of 
the  body  we^t,  the  normal  for  the  corresponding  initial  body 
weights  being  about  0.016  per  cent.  In  this  case  the  thyroid 
glahd  has  apparently  lost  weight  during  chronic  inanition,  though 
relatively  less  than  the  body  as  a  whole.  According  to  Hatai 
('13)  the  weight  of  the  thyroid  gland  corresponding  to  the  aver- 
age initial  body  we^t  of  214  grains  would  be  about  0.034 
gram.  The  final  absolute  weight  averages  0.0266  gram,  indi- 
cating a  loss  of  about  21.8  per  cent  in  chronic  inanition. 

On  account  of  the  variability  of  the  thyroid  gland,  however, 
and  the  difEculty  in  dissecting  it  out  accurately,  no  final  con- 
clusions can  be  drawn  from  the  limited  number  of  observations 
at  hand.  As  in  the  case  of  the  brain,  spinal  cord  and  eyeballs, 
however,  there  appears  to  be  a  greater  tendency  to  loss  in  wei^t 
of  the  thyroid  gland  during  chronic  inanition. 

Excepting  the  observations  by  Falck  ('54),  indicating  no 
change  in  the  relative  (percentage)  weight  of  the  thyroid  gland 
during  inanition  in  the  dog,  no  data  on  this  subject  have  been 
found  in  the  literature.  Traina  ('04)  cites  data,  however,  upon 
the  histological  changes. 

THYMUS 

It  is  aheady  known  that  the  thymus  in  the  albino  rat  nor- 
mally undergoes  a  diminution  in  weight  (due  to  age  involution) 
after  the  age  of  10  weeks  (Jackson  '13)  or  more  precisely  85  days 
(Hatai  '14).  At  the  age  of  one  year,  it  forms  normally  about 
0.020  per  cent  of  the  body  (Jackson).  The  thymus  in  the  pres- 
ent acute  inanition  series  forms  an  average  of  about  0.020  per 
cent  of  the  body  weight,  while  in  the  chronic  inanition  series 
the  average  is  0.021  per  cent  (table  3).  The  age  of  the  rats 
used  in  the  inanition  experiments  is  unknown,  but  from  the 
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iaody  weight  it  is  probable  that  few  of  them  were  less  than  a 
year  old.  Therefore  while  hunger  is  known  to  produce  a  marked 
involution  of  the  thymus  (Hammar),  it  is  probable  that  in  the 
present  case  the  invotution  had  already  been  produced  by  age, 
and  waa  not  caused  by  inanition.  According  to  Jonaon  ('09),  in 
young  rabbits  the  weight  curves  of  fat  and  thymus  are  similar 
in  chronic  inanition,  but  the  fat  decreases  somewhat  more  rapidly 
in  acute  inanition. 


The  heart  in  the  acute  inanition  series  forms  an  average  of 
about  0.43  per  cent  of  the  body  weight,  and  about  0.42  per  cent 
in  the  chronic  inanition  series  (table  3).  The  normal  for  cor- 
resqwnding  initial  body  weights  would  average  about  0.43  per 
cent  (Jackson  '13)  or  about  0.38  per  cent,  according  to  Hatai's 
('13)  data.  Thus  it  is  evident  that  the  heart  during  inanition 
has  lost  weight  nearly  in  the  same  proportion  as  the  whole  body. 

Using  Hatai's  ('13)  curves  to  determine  the  normal  at  corre- 
sponding initial  body  weights,  the  absolute  weight  of  the  heart 
apparently  decreases  from  about  0.925  to  0.6687  gram  (loss  of 
27.7  per  cent)  in  the  acut«  inanition  series;  and  from  about 
0.830  to  0.5577  gram  (loss  of  32.8  per  cent)  in  the  chronic  inani- 
tioD  series.  As  in  the  case  of  the  viscera  previously  considered, 
the  loss  is  ^parently  slightly  greater  relatively  iu  chronic 
inanition. 

Ihe  statements  in  the  literature  generally  indicate  that  the 
heart  during  inanition  loses  somewhat  less  in  weight  than  the 
body  as  a  whole,  and  increases  accordingly  in  relative  (per- 
centage) weight.  This  would  appear  to  be  the  case  in  man 
(Aschoflf  '11;  Lustig  '02),  cat  (Voit  '66;  Sedhnair  '99),  new- 
bom  kitten  (v.  Bechterew  '95)  dog  (Falck  '54),  guinea-pig  (Lasa- 
rew  '97),  rabbit  (Etowin  '80),  and  in  thin  compared  with  fat 
steers  (data  from  Missouri  Agricultural  Experiment  Station). 
The  data  of  Chossat  {'43)  for  pigeons,  however,  would  indicate  a 
redaction  in  heart  weight  relatively  shghtly  greater  than  in  the 
body  as  a  whole. 
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The  lungs  of  the  rat  are  quite  variable  in  weight,  owing  to' 
the  frequency  of  infection,  which  may  affect  their  weight  even 
when  the  lesions  are  slight.  The  average  for  the  lungs  in  the 
acute  inanition  series  is  0.61  per  cent  of  the  body  weight,  and 
0.55  per  cent  in  the  chronic  inanition  series  (table  3).  Since 
the  norma!  lungs  corresponding  to  the  average  initial  body 
weight  form  an  average  of  about  0.60  per  cent  (Jackson  '13),  it 
appears  (although  the  evidence  is  insufficient  for  final  conclusions) 
that  during  inanition,  both  acute  and  chronic,  in  adult  albino 
rats  the  lungs  lose  in  weight  in  about  the  same  proportion  as 
the  whole  body,  their  relative  (percentage)  weight  remaining 
newly  the  same.  Taking  the  normal  we^t  of  the  lungs  at  cor- 
responding body  weights  from  Hatai's  ('13)  curve,  there  is  ap- 
parently a  decrease  from  about  1.40  to  0.968  gram  (loss  of  30,9 
per  cent)  in  the  acute  inanition  series;  and  from  about  1.24 
to  0.743  gram  (loss  of  40  per  cent)  in  the  chronic  series.  Again, 
as  in  the  case  of  the  viscera  previously  considered,  the  loss  appears 
relatively  greater  during  chronic  inanition. 

Comparatively  few  data  are  found  in  the  Hterature  concerning 
the  weight  of  the  lungs  in  inanition.  In  pigeons,  Chossat  ('43) 
fotmd  a  loss  of  22.4  per  cent  in  the  lungs,  compared  with  40 
per  cent  in  the  entire  body  weight.  Thus  their  relative  (per- 
centage) weight  is  considerably  increased,  which  was  also  ob- 
served by  Voit  ('66)  and  Sedlmair  ('99)  in  the  cat,  and  von 
Bechterew  ('95)  in  newborn  kitten.  In  the  dog,  however,  Falck's 
('54)  data  indicate  a  loss  relatively  shghtly  greater  than  that 
of  the  body,  with  a  corresponding  decrease  in  percentage  weight. 


The  liver  in  the  acute  inanition  series  (table  3)  forms  an  aver- 
age of  about  2.88  per  cent  of  the  body  weight.  Since  the  noripal 
for  the  corresponding  initial  body  weights  is  about  4.5  per  cent 
in  the  acute  inanition  series,  and  4.3  per  cent  in  the  chronic 
(Jackson  '13)  it  is  evident  that  the  liver  has  apparently  lost  in 
weight  relatively  more  than  the  body  as  a  whole.    In  the  chronic 
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inanition  series,  however,  the  weight  of  the  hver  is  more  vari- 
able, and  the  average  (3.98  per  cent)  is  but  little  below  the  nor- 
mal. As  the  hver  is  normally  subject  to  great  individual  varia- 
tions in  weight  (Jackson  '13) ,  however,  caution  should  beobserved 
in  drawing  final  conclusions. 

In  terms  of  absolute  weight,  using  my  (Jackson  '13)  data  for 
comparison,  it  appears  that  the  hver  decreases  from  about  10.98 
to  4.587  grams  (loss  of  58  per  cent)  in  the  acute  inanition  series, 
and  from  9.20  to  5.219  grams  (loss  of  43  per  cent)  in  the  chronic 
inanition  series.  It  may  also  be  remembered  that  in  the  series 
investigated  by  Hatai  ('13),  the  average  weight  of  the  normal 
liver  was  found  distinctly  hi^er  than  in  my  series;  and  the  loss 
in  weight,  estimated  upon  this  basis,  would  be  considerably 
greater. 

With  the  exception  of  the  adipose  tissue,  the  thymus  (in  young 
animals)  and  occasionally  the  spleen,  all  investigators  agree  that 
the  loss  of  weight  in  the  hver  is  relatively  greater  than  that  in 
any  other  oi^an.  Thus  the  liver  decreases  in  relative  (per- 
centage) wei^t,  as  has  been  observed  in  man  (Aschoff  '11), 
ivhite  mouse  (Cesar-Bianchi  '09),  pigeon  (Chossat  '43),  rabbit 
(Pfeiffer  '87),  cat  (Voit  '66;  Sedhnair  '99),  dog  (Falck  '54), 
newborn  cat  and  dog  (v.  Bechterew  '95),  guinea-pig  (Lasa- 
rew  '97)  and  in  thin  steers,  compared  with  fat  (data  from  Missouri 
Agricultural  Experiment  Station).  While  the  loss  is  practically 
always  relatively  greater  than  in  the  body  as  a  whole,  the  amount 
of  loss  is  quite  variable. 

Since  the  loss  in  weight  of  the  hver  (unlike  all  viscera  pre- 
viously considered)  is  relatively  greater  in  acute  inanition  it 
seems  probable  that  the  greatest  loss  occurs  during  the  earliest 
stages  of  inanition,  when  the  Uver  yields  its  store  of  easily  avail- 
able food  material  (glycogen,  fat,  etc.).  Thus  Lasarew  ('97) 
found  that  during  the  early  period  of  inanition  in  the  guinea- 
pig,  while  the  body  weight  lost  10  per  cent,  the  liver  lost  18 
per  cent  of  its  weight,  or  relatively  near  y  twice  as  much.  Toward 
the  end  of  the  inanition  period,  on  the  contrary,  the  Uver  appar- 
ently lost  relatively  only  half  as  much  as  the  whole  body. 
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In  the  acute  inanition  series  (table  3),  the  spleen  forms  an 
average  of  0.21  per  cent  of  the  body.  This  is  below  the  normal 
for  the  average  corresponding  initial  body  we^ht,  in  which  case 
the  average  is  0.27  per  cent.  In  the  chronic  inanition  series, 
however,  the  average  (0.30  per  cent)  is  slightly  higher  than 
the  normal  (Jackson  '13).  The  individuals  in  both  acute  and 
chronic  inanition,  however,  are  exceedingly  variable,  as  seen  in 
the  table.  This  is  also  true  of  the  normal  spleen,  which  is  one 
of  the  most  variable  organs  in  the  body  (Jackson  '13).  The 
number  of  observations  is  therefore  insufficient  for  final  conclu- 
sions concerning  the  effect  of  inanition  upon  the  we^ht  of  the 
spleen  in  the  albino  rat. 

In  terms  of  absolute  weight,  taking  Ratal's  ('13)  curve  for  the 
normal,  there  is  apparently  a  decrease  in  the  weight  of  the 
spleen  from  about  0.645  to  0.3177  gram  (loss  of  51  per  cent)  in 
the  acute  inanition  series;  and  from  0.570  to  0.4056  gram  (loss 
of  29  per  cent)  in  the  chronic  series. 

That  the  spleen  loses  heavily  during  inanition,  losing  in  rela- 
tive as  well  as  absolute  weight,  has  been  found  in  man  (Ascho£F 
'11;  Stschastny  '98),  pigeon  (Chossat  '43),  rabbit  (Bowin  '80), 
and  cat  (Voit  '66;  Sedlmair  '99);  while  a  decrease  less  marked 
than  in  the  whole  body  (relative  increase)  appears  in  the  dog 
(Falck  '54)  and  in  thin  steers,  compared  with  fat  (data  from 
Missouri  Agricultural  Experiment  Station).  Data  from  von 
Bechterew  ('95)  indicate  a  relative  increase  in  the  spleen  of 
newborn  kittens  during  inanition,  but  a  decrease  in  puppies. 
These  apparently  conflicting  statements  are  perhaps  to  be  ex- 
plained largely  by  the  great  variabihty  of  the  spleen,  making 
comparison  with  controls  uncertain.  Inaddition,  however,  there 
is  the  possibility  that  the  loss  in  the  spleen  may  vary  according 
to  the  character  and  stage  of  inanition.  Thus  Lasarew  ('97)  in 
the  guinea-p^5  found  the  greatest  loss  in  weight  of  the  spleen 
to  occur  in  the  middle  period  of  inanition  (second  period  of 
10  per  cent  loss  in  body  weight),  during  which  the  spleen  lost 
31  per  cent  in  weight. 
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STOMACH  AND  INTESTINES 

The  stomach  and  intestines  (including  mesentery  and  pan- 
creas) together  with  their  content  (table  3)  form  an  average  of 
about  5.2  per  cent  of  the  body  weight  in  the  acute  Inanition 
series,  and  6.3  per  cent  in  the  chronic  inanition  series.  Since 
the  average  normal  for  the  initial  body  weights  is  about  9.0 
per  cent  (Jackson  '13),  it  is  evident,  as  might  be  expected,  that 
the  stomach  and  intestines  with  contents  have  lost  weight  in 
relatively  much  greater  proportion  than  has  the  body  as  a  whole. 
The  loss  affects  not  only  the  contents,  but  the  empty  tract, 
which  has  apparently  decreased  from  about  6.0  per  cent  (nor- 
mal at  the  initial  body  we^t)  o\  the  body  weight  to  3.25  per 
cent  (acute  inanition  series)  or  3.5  per  cent  (chronic  series). 
There  is  apparently  not  much  difference  in  this  respect  between 
the  chronic  and  acute  series.  A  relatively  small  part  of  the  loss 
is  in  the  mesenteric  fat. 

In  terms  of  absolute  weight,  taking  Hatai's  ('13)  curve  for 
the  normal,  there  is  apparently  a  decrease  In  the  we^t  of  the 
empty  alimentary  canal  from  about  11.65  to  5,01  grams  in  the 
acute  inanition  series,  and  from  10.70  to  4.54  grams  in  the  chronic 
series.  This  would  correspond  to  a  loss  of  about  57  per  cent  in 
each  series. 

Data  in  the  literature  are  very  scarce  concerning  changes  in 
weight  of  the  alimentary  canal  during  inanition.  Accordingto 
Falek  ('54),  the  loss  appears  to  be  nearly  proportional  to  that  of 
the  entire  body  (relative  we^ht  increasing  from  8.4  to  8.7  per 
cent).  This  appears  to  be  true  also  for  the  cat  according  to 
Sedlmair  ('99),  although  a  much  smaller  loss  was  fcund  by 
Voit  ('66).  Unpublished  data  on  a  series  of  steers  (Missouri 
Agricultiu^l  Experiment  Station)  indicate  that  the  relative 
weight  of  the  (empty)  intestines  (without  fat)  is  variable,  but 
tends  to  be  greater  in  thin  than  in  fat  animals. 
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SUPRARENAL  GLANDS 

The  suprarenal  glands  must  be  considered  separately  in  the 
sexes  on  account  of  a  difTerence  in  relative  weight  (Jackson  '13). 
In  normal  rats  corresponding  to  the  initial  body  weights  of  the 
present  series,  the  average  for  the  suprarenal  glands  of  the  male 
is  about  0.17  per  cent  of  the  body  weight,  and  for  the  female 
about  0.26  per  cent.  The  four  females  of  the  acute  inanition 
series  (none  present  in  the  chronic  series)  show  an  average  of 
0.30  per  cent  of  the  body  weight  (table,  3),  but  the  number  is 
too  small  for  definite  conclusions.  The  males  show  an  increase 
(from  0.17  per  cent)  to  an  average  of  0.25  per  cent  in  both  acute 
and  chronic  inanition  series  (table  3).  It  would  therefore  ap- 
pear that  the  loss  in  absolute  weight  has  been  less  than  in  the 
body  as  a  whole  in  the  female  with  little  or  no  loss  in  the  male. 

In  terms  of  absolute  weight,  taking  Hatai's  ('13)  curve  for 
the  normal,  it  appears  that  in  the  male  rat  the  suprarenals  ha-\'e 
increased  from  about  0.0390  to  0.0396  grams  (gain  of  1.5  per 
cent)  in  the  acute  inanition  series;  and  decreased  from  about 
0,0360  to  0.0328  grams  (loss  of  8.9  per  cent)  in  the  chronic 
series.  The  apparent  increase  during  acute  inanition  is  prob- 
ably not  significant.  A  larger  number  of  observations  is  necessarj' 
to  determine  the  matter. 

Xo  data  concerning  the  weight  of  the  suprarenal  glands  dur- 
ing inanition  have  been  found  in  the  Uterature,  although  Traina 
('04)  cites  several  investigations  on  the  histological  changes. 


The  kidneys  (table  3)  in  the  acute  inanition  series  form  an 
average  of  0.97  per  cent  of  the  body  weight  and  in  the  chronic 
series  1.00  per  cent.  According  to  Jackson  ('13)  the  normal 
for  the  initial  body  weights  would  average  about  0.95  per  cent 
(although  Hatai's  data  would  place  it  at  about  0.84  per  cent). 
It  therefore  appears  that  the  kidneys  have  lost  weight  to  nearly 
the  same  extent  relatively  as  the  body  in  general,  thus  gaining 
but  slightly  in  relative  fpereentage)  weight. 
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If  Hatai's  ('13)  curve  be  taken  as  the  nonnal,  in  absolute 
weight  the  kidneys  would  apparently  decrease  from  about  2.04 
to  1.520  grams  (a  loss  of  25.5  per  cent)  during  acute  inanition; 
and  from  1.80  to  1.317  grams  (a  loss  of  26.8  per  cent)  in  the 
chronic  inanition  series.  If  my  data  indicating  a  higher  nonnal 
were  taken,  the  loss  would  be  correspondingly  greater. 

Considering  the  importance  of  the  kidneys,  there  is  in  the 
literature  a  surprising  lack  of  data  concerning  their  we^ht  dur- 
ing inanition.  That  they  lose  in  weight  relatively  somewhat 
less  than  the  body  as  a  whole  (thus  gaining  in  percentage  weight) 
is  indicated  in  the  pigeon  (Chossat  '43),  cat  (Voit  '66)  and  dog 
(Falck  '54).  There  appears  also  a  sUght  relative  increase  in 
the  kidney  weight  of  thin  steers  compared  with  fat  (data  from 
Missouri  Agricultural  Experiment  Station).  On  the  other  hand, 
Sedlmair's  ('99)  data  for  starved  cats  indicate  no  change  in 
relative  (percentage)  weight  in  one  case  and  a  sUght  decrease  in 
another. 

GONADS 

a.  Female.  The  two  observations  recorded  for  the  weight  of 
the  ovaries,  0.051  per  cent  and  0.033  per  cent  of  the  body  weight 
are  both  above  the  normal  average  (0.025  per  cent),  but  are  of 
course  entirely  too  few  to  be  significant. 

6.  Male.  At  the  age  of  one  year  (body  weight,  210  grams) 
the  normal  testes  and  epididymi  form  an  average  of  about  1.20 
per  cent  of  the  body  weight,  of  which  approximately  one-fourth 
(0.30  per  cent)  belongs  to  the  epididymi,  and  three-fourths  (0.90 
per  cent)  to  the  testis  (Jackson  '13).  Hatai's  ('13)  data  would 
put  the  testis  a  Uttle  higher  (about  1.05  per  cent).  In  the  acute 
inanition  series  (table  3)  the  average  relative  weight  for  the 
testes  is  1.12  per  cent,  and  for  the  epididymi  is  0.39  per  cent 
of  the  body  weight.  In  the  chronic  series,  the  average  for  the 
testes  is  1.02  per  cent,  and  for  the  epididymi  0.33  per  cent. 
It  would  therefore  appear  that  during  inanition  the  loss  in 
weight  of  both  testes  and  epididymi  is  relatively  not  very  dif- 
ferent from  that  in  the  body  as  a  whole,  and  is  (like  that  of  the 
majority  of  the  viscera)  more  marked  in  chronic  than  in  acute 
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.  inaDition.  On  account  of  the  variability  of  these  organs,  however, 
more  data  are  needed  before  final  conclusions  can  be  justified. 

In  terms  of  absolute  weight,  taking  Hatai's  ('13)  data  for  the 
normal  at  the  initial  body  weight,  the  testis  would  appear  to 
decrease  from  2.50  to  1.756  grams  (a  loss  of  29.8  per  cent)  in 
the  acute  inanition  series;  and  from  2.27  to  1.355  grams  (a  loss 
of  40,3  per  cent)  in  the  chronic  inanition  series. 

Although  numerous  investigations  have  been  made  upon  the 
histological  changes  in  the  gonads  during  inanition  (Traina  '04), 
the  only  observations  found  concerning  their  weight  are  that  by 
Falcfc  ('54)  showing  the  relative  (percent^e)  weight  of  the  testis 
in  the  dog  to  remain  apparently  unchanged,  and  that  by  (Voit 
'66)  showing  a  relative  decrease  in  the  testis  of  the  cat. 

HYPOPHYSIS 

In  the  case  of  the  hypophysis,  as  with  the  suprarenal  glands, 
there  is  normally  a  sexual  difference  to  be  considered  (Hatai  '13). 
Wben  the  data  in  table  3  are  compared  with  Hatai's  chart  10, 
it  will  be  found  that  the  absolute  weights  of  the  hypophysis, 
in  both  acute  and  chronic  Inanition,  correspond  fairly  well  with 
those  of  the  normal  gland  at  the  final  body  weight.  That  is, 
the  weight  of  the  hypophysis  during  inanition  has  apparently 
decreased  in  nearly  the  same  proportion  as  the  whole  body,  so 
the  relative  weight  is  but  little  changed.  As  calculated  from 
Hatai's  data,  the  (male)  hypophysis  would  form  about  0.0036 
per  cent  of  the  body  at  the  average  initial  body  weight,  as  com- 
pared with  0.0043  per  cent  found  in  the  acute  inanition  series, 
and  0.0045  per  cent  in  the  chronic  series. 

In  terms  of  absolute  weight,  the  (male)  hypophysis  has  ap-. 
parently  decreased  from  about  0.0093  to  0.0069  gram,  the  aver- 
age of  the  acute  inanition  series  (loss  of  26.1  per  cent) ;  and  from 
0.0079  to  0.0059  gram  (loss  of  25.3  per  cent)  in  the  chronic 
inanition  series.  A  larger  number  of  observations  would  of  course 
be  necessary  to  determine  the  result  with  precision. 

No  data  have  been  found  in  the  literature  concerning  the 
weight  of  the  hypophysis  during  inanition. 
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DISCUSSION 


The  changes  in  the  average  relative  weights  of  the  various 
organs  and  systems  as  a  result  of  inanition  in  the  adult  albino 
rat  are  summarized  in  table  2. 

While  no  great  emphasis  can  be  laid  upon  the  exactness  of  the 
figures  shown  in  table  2,  it  is  evident  that  with  respect  to  rela- 
tive loss  in  weight  during  inanition,  the  oi^ans  may  be  divided 
into  three  groups.  In  the  firet  group,  which  includes  the  supra^ 
renals,  thyroid,  skeleton,  eyeballs,  spinal  cord  and  brain,  and 
thymus,  there  is  but  little  {if  any)  loss  in  absolute  weight  dyring 
inanition,  and  a  corresponding  increase  in  relative  (percentage) 
weight.    In  general,  there  is  a  relatively  greater  loss  during  chronic 
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inamtion,  which  is  especially  marked  in  the  case  of  the  thyroid 
gland.  The  thymus,  having  already  undergone  age  involution,  is 
affected  but  slightly,  if  at  all. 

In  the  second  group,  which  includes  the  kidneys,  hypophysis, 
heart,  testes,  lungs,  musculature  and  integument,  the  loss  in  abso- 
lute weight  during  inanition  is  more  nearly  in  proportion  to  that 
of  the  whole  body,  so  their  relative  (percentage)  weight  is  usually 
not  greatly  changed.  In  all  except  the  hypophysis,  however,  the 
loss  is  relatively  greater  during  chronic  inanition.  Especially 
the  lungs,  testes^  integument  and  musculature  appear  to  lose 
markedly  during  chronic  inamtion. 

In  the  third  group,  including  the  spleen,  liver  and  alimentary 
canal,  the  loss  in  absolute  weight  is  relatively  much  greater  than 
in  the  body  as  a  whole,  so  they  decrease  in  relative  as  well  as  in 
absolute  weight.  The  liver  and  spleen  are  exceptional,  however, 
in  that  their  loss  is  apparently  relatively  greater  in  acute  than  in 
chronic  inanition.  In  fact,  in  chronic  inanition  the  spleen  ap- 
parently belongs  with  the  second  group. 

The  variability  of  the  organs  as  to  loss  of  weight  during  inani- 
tion has  been  explained  in  two  ways:  Manassein  ('69)  noted  that 
those  organs  which  are  most  active  in  the  organism  lose  least 
during  inanition.  A  more  rational  explanation  is  that  of  Pas- 
chutin  ('81),  according  to  whom  the  various  organs  lose  in  pro- 
portion to  their  storage  content  of  available  food  supply.  The 
various  proteids,  fats  and  carbohydrates  are  dissolved  and  carried 
away  by  the  circulation  at  different  times  and  with  different  de- 
grees of  rapidity.  Thus  the  variabiUty  in  the  loss  of  weight  in 
different  organs  and  in  different  types  of  inanition  would  be 
ultimately  explained  primarily  upon  a  chemical  basis. 

SUMMARY 

The  principal  results  of  the  present  paper  may  be  briefly  sum- 
marized as  follows: 

1.  During  both  acute  and  chronic  inanition  there  is  apparently 
a  slight  increase  in  the  ratio  of  tail  length  to  body  length.  This 
is  probably  due  to  a  decrease  in  the  trunk  length  during  inanition. 
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2.  The  head  and  fore  limbs  during  inanitioD  lose  relatively  less 
than  the  body  as  a  whole,  and  therefore  increase  in  relative  (per- 
centage) weight.  The  hind  limbs  nearly  maintain  their  original 
relative  weight  (slight  increase  during  acute  inanition),  while  the 
trunk  decreases  in  relative  weight. 

3.  Of  the  systems— integument,  skeleton,  musculature,  viscera 
and  'remainder' — the  integument  and  musculature  lose  relatively 
in  nearly  the  same  proportion  as  the  whole  body,  slightly  less 
during  acute  inanition  and  sUghtly  more  during  chronic  inanition. 
The  skeleton  nearly  maintains  its  original  absolute  weight,  and 
therefore  increases  markedly  in  relative  (percentage)  weight. 
There  is  a  marked  decrease  in  the  'remainder,'  probably  due 
chiefly  to  loss  of  fat.  The  visceral  group  as  a  whole  undei^oes 
Uttle  change  in  relative  weight,  showing  a  slight  decrease  during 
acute  inanition.  This  decrease  is  due  to  the  large  size  of  the 
liver,  which  undergoes  a  greater  loss  in  acute  than  in  chronic 
inanition.  The  majority  of  the  viscera,  on  the  other  hand, 
show  a  greater  loss  during  chronic  inanition. 

4.  As  to  relative  loss  of  weight  during  inanition,  the  individual 
viscera  may  be  divided  into  three  groups:  (1)  the  suprarenal 
glands,  thyroid  glands,  eyeballs,  spinal  cord  and  brain  lose  but 
very  little  (if  any)  in  absolute  weight,  and  therefore  increase 
correspondingly  in  relative  (percentage)  weight.  The  thymus 
has  already  undergone  age  involution,  and  istherefore  unaffected. 
(2)  The  kidneys,  heart,  lungs,  hypophysis  and  testes  lose  more 
nearly  in  proportion  to  the  entire  body  (in  general,  somewhat 
more  during  chronic  inanition),  and  therefore  do  not  change 
greatly  in  relative  (percentage)  weight.  (3)  The  spleen  (in  acute 
inanition),  hver  and  alimentary  canal  (both  empty  and  with  con- 
tents) lose  relatively  much  more  heavily  than  the  whole  body, 
and  therefore  decrease  in  relative  (percentage)  as  well  as  in 
absolute  weight. 
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CHANGES  IN  THE  RELATIVE  WEIGHTS  OF  THE  VA- 
RIOUS PARTS,  SYSTEMS  AND  ORGANS  OF  YOUNG 
ALBINO  RATS  HELD  AT  CONSTANT  BODY-WEIGHT 
BY  UNDERFEEDING  FOR  VARIOUS  PERIODS 
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HTien  young,  actively  growing  animals  are  held  at  constant 
body-weight  by  underfeeding  for  considerable  periods,  one  of 
three  results  might  be  expected  a  priori  concerning  the  weights 
of  the  various  organs  and  parts.     {1}  Since  the  body-weight 
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remains  constant,  the  we^ts  of  the  individual  organs  and 
parts  might  also  remain  constant.  (2)  Since  the  normal  growth 
rates  are  known  to  vary  in  the  different  organs  and  parts,  one 
might  expect  those  organs  with  the  strongest  normal  growth 
tendency  to  increase  in  weight  at  the  expense  of  the  remainder 
of  the  body,  (3)  Since,  however,  the  food-supply  available  is 
insufficient  for  both  maintenance  and  growth,  the  animals  are 
actually  in  a  condition  of  chronic  inanition;  and  changes  might 
be  expected  to  occur  corresponding  to  those  which  have  been 
observed  in  adults  during  inanition. 

A  few  observations  have  been  recorded  upon  changes  in 
young  animals  in  certain  organs  under  these  conditions,  notably 
by  Waters  ('08),  Aron  ('11  and  14)  and  Donaldson  ('11).  A 
more  extended  and  complete  analysis  of  the  changes  in  the 
organism  under  these  conditions  seemed  highly  desirable,  and 
therefore  the  present  investigation  was  undertaken.  The  work 
was  begun  at  the  University  of  Missouri,  and  continued  at 
the  University  of  Minnesota  with  the  aid  of  a  special  grant  from 
the  research  fund  of  the  Graduate  School.  This  grant  was  used 
to  employ  a  research  assistant,  who  cared  for  the  animals  and 
assisted  in  the  dissections,  weighings,  calculations,  etc.  An 
abstract  of  the  present  paper  has  been  published  (Jackson  '15  b). 

MATERIAL  AND  METHODS 

The  albino  rat  (Mus  norvegicus  albinus)  was  chosen  for  use 
in  this  experiment.  It  is  a  convenient  animal  on  account  of  its 
comparatively  small  size,  rapid  growth  and  hardiness  under 
experimental  conditions.  It  is  also  practically  the  only  mammal 
whose  growth  norm  (including  variability)  for  the  whole  body 
and  for  the  various  parts,  systems  and  organs  throughout  the 
postr-natal  life  cycle  is  even  approximately  known.  The  effects 
of  inanition  upon  the  adult  rat  have  also  been  worked  out  (Jack- 
son '15  a,  '15  c)  and  are  valuable  for  comparison. 

The  material  used  in  the  present  experiment  included  ten 
litters  (and  one  individual  from  an  eleventh  litter)  as  shown  in 
table  1. 
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TABLE  I 

LilicTs  used  in  experiments 


"n-B. 

NO    AND  BEX 

NO    TIBf 

ruvwANi 

«o. 

K[l  1  ID  AT 

jro^ 

0.  EACH  LirrEi. 

ASiy.,LB 

WEIUHT  fERCOD 

a'^Im'u 

AOK..F 

'■*-.  . 

MisBouri 

flM. 

\4F. 

IM.  \ 

3F    / 

3-6  wkB. 

1  F. 

6  wks. 

'•2-.  - 

f3M. 
\2F. 

IM.  \ 
IF.  / 

6-32  wks. 

f^'- 

32  wks. 

1.3. .  . 

4M. 
2F. 

2M.1 
IF./ 

10-35  wks. 

IM. 
2F. 

3owkB. 

Si.  . 

Minneapolis 

f3M, 
ISF. 

fl  M.  \ 

IF./ 

3-8  wks. 

IM. 

1  F. 

3  wks. 

5F. 

3-10  wkB. 

IM. 
1  F. 

10  wke. 

N8.  , 

/2M. 
\4F. 

IM.l 
3F.  / 

3-10  wkfl. 

IM. 
1  F. 

10  wks. 

ST,  _ 

f4M. 
\2F. 

3M.  \ 
IF.  / 

3-10  wka. 

IM. 
1  F. 

3  wkB. 

8U__ 

/2M. 
l4F. 

IM.  \ 
2F.  / 

3-10  wks. 

IM. 

IF.   / 
1  F. 

3  wks. 
lOwka. 

^\^, 

/5M. 
\3F. 

3M.  \ 
3F.  / 

3-10  wks. 

1  M. 
1  M. 
IM.  \ 

3  wks. 
10  wks. 

/I  M. 

1  F. 

3-16  wkB. 

3  wks. 

a  10. 

a... 

1 2  F. 

f4M. 

Uf. 

2M.] 
2F.   / 
1  F. 

3-G  wka. 
3-8  wkB. 

U  F.   / 

flM.l 
llF-  / 
llM. 

3  wke. 
Owks. 

22... 

1  F. 

1  F. 

3-13  wks. 

Total 

28  M. 
36  F. 

15  M. 

25  F. 

13  M. 
12  F. 

Ab  noted  in  this  table,  three  of  the  litters  are  from  the  rat 
colony  at  the  University  of  Missouri,  and  the  remainder  from  a 
local  colony  at  the  University  of  Minnesota.  There  are  in- 
cluded twenty-nine  males  and  thirty-six  females,  a  total  of  sixty- 
five.  In  addition,  two  rats  not  listed  in  tables  1  and  2  were 
used  as  additional  controls  at  three  weeks  in  the  study  of  the 
skeleton  (table  7). 

In  most  cases,  the  experiment  began  when  the  rats  were  three 
weeks  of  age  (time  of  weaning).     These  rats  were  held  at  con- 
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Fig.  1  PhototCHph  ahoninR  four  albino  rats  nl  the  age  of  ten  weeks.  The 
larger  rats  represent  tlic  normal,  full-fed  controls.  The  smaller  rats  are  from 
the  same  litter,  but  have  been  held  by  underfeeding  at  constant  body-weight 
since  the  age  of  three  weeks.  The  rats  are  pure  albinos  (Mus  norvegicus  albinus) 
the  dark  spot  on  the  bead  of  one  being  an  artificial  mark  of  identification. 

stant  body-weight  for  varying  periods,  from  the  age  of  three 
weeks  up  to  the  age  of  six  weeks  (8  rats)  to  eight  weeks  (3),  to 
ten  weeks  (22),  to  thirteen  weeks  (1)  and  to  sixteen  weeks  (1). 
A  few  were  held  at  constant  body-weight  beginning  at  later 
periods, — from  age  of  six  weeks  to  age  of  thirty-two  weeks  (2), 
and  from  age  of  ten  weeks  to  age  of  thirty-six  weeks  (3).  Con- 
trols (25  in  all)  were  also  killed  at  the  beginning  and  at  the  end 
of  these  time  periods.  At  ten  weeks  of  age,  the  normal  controls 
are  half-grown  rats,  sexually  mature,  of  nearly  adult  proportions, 
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and  five  or  six  times  as  heavy  as  those  held  at  constant  body- 
weight  from  the  a^e  of  three  weeks  (fig.  1).  In  addition,  a 
lai^  number  of  observations  upon  the  normal  rat  previously 
published  (by  Donaldson,  Hatai,  Jackson,  Lowrey  and  others) 
are  available  for  comparison.  Of  the  animals  used  in  this 
experiment,  the  distribution  of  sexes  is  given  in  table  1. 

In  table  2,  the  net  body-wei^t  (gross  body-weight,  including 
intestinal  contents,  is  slightly  higher),  of  the  animals  used  is 
indicated.  At  each  time  period  the  average  weight  (and  range) 
for  each  sex  is  given,  for  both  controls  and  test  animals  held  at 
constant  body-weight.  The  cards  containing  the  original  in- 
dividual records  for  all  animals  used  will  be  deposited  in  The 
Wistar  Institute  of  Anatomy,  where  they  may  be  consulted  if 
desired. 

The  rats  were  kept  in  ordinary  wire  cages  (with  wire-net 
bottoms,  allowing  the  feces  to  drop  through)  and  were  individu- 
ally weighed  daily  before   feeding.    Those  under  experiment 

TABI*;  2 
jVe(  body-u'cighl  0/  rata  ichcn  killed;  arcragc  weight  and  range  indicated 


co™,.  ,r...r.»l 

........^..i.o.. 

.W..O»XB...C.N>...»T, 

Control. 

No,  and 

Weight  undmrfif: 

Wright  unci  range: 

No.  Blld 

T«t  OQimsls 

»" 

«"""' 

grarnn 

wa 

Ml. Kant  tor 

3  Wl-cks.. 

/GM. 
\6  V. 

21.4  (19. 0-32. G) 

2-»,7  (21.1-30.4) 

6  weeks . , 

W^: 

42  3 
42  4 

22.4  (20.r>-23.6) 
22.0(20.6-23.8) 

3M.1 

5  F.  / 

3-6  weeks 

8  weeks 

18.1 
21.2(17.8-24.6) 

IM.l 

2  I.-.  / 

3-8  weeks 

10  weeks 

/3M. 
13  F. 

155  (141-167) 
114  (109-118) 

24.7  (20.7-31.4) 
23.3(18,5-31,0) 

8.M.1 
14  F,  / 

3-10  weeks 

25,5 

I  F. 

3-13  weeks 

26,0 

1  F. 

3-16  weeks 

32  weeks 

/2  M. 

\lF. 

209  (203-215) 
166 

43.7 

50.4 

1  M.  1 
1  F.  / 

G-32  weeks 

35  weeka 

flM. 
I2F. 

23S 

158  (153-162) 

79,6(73,6-f'5,5) 
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were  fed  an  amoimt  just  sufficient  to  hold  them  constant  at  the 
initial  body-weight.  Of  course  slight  fluctuations  in  the  gross 
weight  were  unavoidable,  but  they  rarely  exceeded  one  gram 
above  or  below  the  initial  weight.  The  food  used  was  in  all 
cases  whole  wheat  (Graham)  bread  soaked  in  whole  milk.  Pre- 
vious experience  has  shown  that,  at  least  up  to  the  age  of  one 
year,  albino  rats  thrive  and  develop  normally  upon  this  simple 
diet.     Water  ad  libitum  was  also  supplied. 

It  is  a  curious  fact  that  under  these  circumstances  the  amount 
of  food  necessary  for  maintenance  of  body-weight  apparently 
decreases  as  the  expieriment  proceeds.  Thus  rats  of  about  25 
grams  gross  body-weight  when  three  weeks  of  age  at  the  begin- 
ning of  the  experiment  will  at  ordinary  room  temperature  re- 
quire about  5  grams  of  milk-soaked  bread  daily  for  maintenance. 
Later,  this  will  usually  decrease  to  an  average  of  about  3  grams 
toward  the  age  of  ten  weeks.'  This  is  the  opposite  of  what  might 
be  expected:  (1)  because  at  later  periods  the  amount  of  avail- 
able food  supply  stored  in  the  body  has  been  greatly  diminished; 
and  (2)  because  the  animals  held  at  constant  body-weight  al- 
most invariably  become  much  more  active,  requiring  a  greater 
expenditure  of  energy.  Possibly  the  smaller  amount  of  food 
required  to  maintain  the  animals  at  the  later  periods  may  be 
due  to  a  greater  absorption  of  water,  thus  maintaining  a  body- 
weight  which  would  otherwise  decline  with  the  given  amount  of 
food.     It  is  well  known  that  during  inanition  in  general  the 

'  Two  examples  may  be  cited.  Six  rats  of  litter  No.  12  wore  held  at  constant 
body-weight  (within  a,  range  of  1  Kfam)  from  the  age  of  three  weeks  on  June  2t, 
1014,  average  body-weight  23.6  grams,  for  seven  weeks  to  the  age  of  ten  weeks  on 
August  6,  1914,  at  which  time  the  average  gross  body-weight  was  23.8  grams.  The 
average  dnily  food-supply  of  whole  wheat  (Graham)  bread  soaked  in  whole  milk 
for  the  seven  consecutive  weeks  of  the  experiment  viae  as  follows:  5.1,  3.9,  3.7, 
3.5,  3.3,  2.7,  2.7  grams.  Similarly,  six  rats  of  litter  No.  13,  average  weight  23.1 
grams  at  three  weeks  of  age  on  June  28, 1014,  were  held  at  constant  weight  for  seven 
weeks  until  August  12,  1914,  when  at  ten  weeks  of  age  their  average  gross  weight 
was  22,6  grams.  Their  average  daily  food-supply  for  the  seven  consecutive  weeks 
was  aa  follows:  5.3,  5.0,  4.1,  3.9,  3.3,  3.2,  2.9  grams.  In  all  eaaca  water  (city 
supply,  from  the  Mississippi  river)  was  supplied  ad  libitum.  The  diminishing 
amount  of  food  necessary  for  maintenance  cannot  be  explained  as  due  to  increas- 
ing temperature,  as  this  was  fairly  constant.  Moreover,  a  similar  condition  has 
been  found  in  other  litters  at  all  seasons  of  the  year. 
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percentage  of  water-content  of  the  body  increases,  and  it  is  quite 
probable  that  during  chronic  inanition  resulting  from  main- 
tenance of  a  young,  growing  animal  at  constant  body-weight 
the  amount  of  living  protoplasm  in  the  body  decreases.  If  the 
amount  of  metabolism  is  thereby  decreased,  a  smaller  food- 
supply  would  suffice  for  maintenance. 

As  will  be  shown  later,  on  accoimt  of  the  intensity  of  the 
growth-impulse,  especially  during  the  earlier  periods  of  inanition, 
certain  growth-changes  occur  which  require  the  expenditure  of 
energy.  It  is  possible  that  this  energy  is  supplied  by  the  excess 
of  food  above  that  required  for  maintenance  proper.  Another, 
but  less  probable,  explanation  might  be  that  during  inanition 
the  food-intake  is  in  some  way  more  economically  utilized,  a 
smaller  quantity  therefore  being  sufficient  for  maintenance. 
In  the  later  stages  of  inanition,  there  is  probably  a  decrease  in 
the  temperature  of  the  body,  which  would  therefore  require 
less  food. 

Rats  held  at  constant  body-weight  from  the  age  of  three  weeks 
to  ten  weeks,  while  becoming  more  active  as  the  experiment 
proceeds,  become  at  the  same  time  less  resistant  to  cold.  They 
may  die  suddenly  if  the  room  temperature  is  lowered,  or  even 
without  any  apparent  cause.  Thus  up  to  sixteen  weeks,  the 
longest  successful  period  in  those  beginning  at  three  weeks,  it 
becomes  increasingly  difficult  to  maintain  them  alive  at  con- 
stant body-weight.  When  the  experiment  is  begun  later,  the 
length  of  the  time  during  which  the  body-weight  can  be  held 
constant  is  considerably  increased.  Aron  ('11)  had  a  similar 
experience  with  dogs,  finding  it  necessary  after  a  time  to  feed 
sufficiently  to  increase  the  initial  body-weight  somewhat,  in 
order  to  keep  the  animals  alive.  He  explains  this  as  due  to  the 
gradual  exhaustion  of  available  food-substance  stored  in  the 
various  tissues  of  the  body. 

At  the  end  of  the  various  age-periods  of  the  experiment,  and  at 
the  beginning  and  end  for  controls,  the  rats  were  killed  by 
chloroform  and  dissected  according  to  the  technique  described 
in  previous  papers  (Jackson  and  Lowrey  '12;  Jackson  '13,  '15  c). 
The  parts,  systems  and  ot^ans  were  carefully  weighed,   and 
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portions  preserved  for  microscopic  examination  {to  be  con- 
sidered in  a  later  paper). 

As  heretofore,  in  calculating  the  percentage  weights,  the  net 
body-weight  (gross  weight  less  intestinal  contents)  is  taken. 
The  percentage  weights  of  the  organs  are  thus  slightly  higher 
than  if  calculated  upon  the  gross  body-weight. 

The  averages  given  in  the  various  tables  are  the  arithmetical 
means  of  the  corresponding  individual  observations.  In  view 
of  the  comparatively  small  number  of  observations  and  the 
known  variability,  especially  of  some  of  the  organs  (cf.  Jackson 
'13),  the  data  are  insufficient  for  treatment  by  statistical  methods, 
and  the  values  are  therefore  only  fair  approximations.  They  are, 
however,  sufficiently  accurate  to  show  some  of  the  more  obvious 
and  important  changes  in  the  young  animal  held  at  constant 
body-weight.  It  is  hoped  that  they  may  be  useful  as  prelimi- 
nary observations,  which  may  lead  to  further  and  more  extensive 
investigations  of  the  various  individual  organs.  In  general, 
the  amount  of  variation  found  is  sufficient  to  necessitate  great 
caution  in  drawing  conclusions  from  a  small  number  of  obser\'a- 
tions  (sometimes  upon  a  single  animal),  as  frequently  happens 
in  experimental  work. 

LENGTHS  OF  BODY  AND  TAIL 

The  body-length  is  measured  from  the  tip  of  the  nose  to  the 
anus,  and  the  tail-length  from  the  anus  to  the  tip  of  the  tail. 
The  measurements  were  taken  immediately  after  death,  the 
body  and  tail  being  extended  by  very  slight  tension.  Measure- 
ments during  life  are  not  practicable,  althou^  they  might  be 
obtained  by  the  use  of  anesthetics. 

In  order  therefore  to  discern  the  changes  in  the  lengtlis  of 
body  and  tail  while  the  body-weight  is  held  constant,  it  was 
necessary  first  to  determine  these  measurements  on  the  normal 
animal.  For  this  purpose,  450  observations  (267  males,  183 
females)  were  available,  varying  from  newborn  to  about  400 
grams  body-weight.  Of  these,  277  (130  males,  147  females) 
were  from  the  Missouri  rats  described  in  a  previous  paper  (Jack- 
son '13),  and  25  (13  males,  12  females)  from  Minnesota.     For 
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the  remaining  148  (124  males,  24  females)  obser\'ations  upon 
rats  from  the  colony  at  The  Wistar  Institute  in  Philadelphia, 
I  am  indebted  to  Professor  Donaldson  and  Dr.  Hatai.  A  care- 
ful examination  revealed  no  essential  differences  in  the  relations 
of  body  and  tail-lengths  according  to  the  source  of  the  rats, 
so  they  were  all  combined  into  a  single  series. 

The  general  relations  of  body  and  tail-lengths  are  evident 
from  table  3  (not  including  the  Wistar  data,  in  which  the  age 
was  usually  unknown). 

The  average  ratio  of  tail  to  body-length  in  table  3  was  obtained 
by  calculating  the  ratio  for  each  individual  separately,  and  then 
taking  the  mean  of  the  individual  ratios.  The  results  are  there- 
by somewhat  more  accurate  than  would  be  obtained  by  simply 
taking  the  ratios  of  the  average  tail  and  body-lengths,  though 
the  difference  is  not  great. 
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Two  facts  concerning  the  relative  length  of  the  tail  in  the 
normal  albino  rat  are  apparent  from  table  3  a.  In  the  first  place, 
it  is  evident  that  at  all  ages  the  ratio  of  the  tail-length  to  the 
body-length  is  slightly  greater  in  the  female  than  in  the  male; 
that  is,  the  female  is  relatively  long-tailed.  By  a  comparison 
of  the  ratios,  it  appears  that  the  tail  of  the  female  on  the  average 
is  about  4  or  5  per  cent  longer. 

In  the  second  place,  it  appears  that  the  ratio  of  tail-length  to 
body-length  increases  in  the  normal  rat  from  an  average  of  about 
0.36  at  birth  to  0.48  at  one  week,  0.66  at  three  weeks,  and  0.88 
from  the  age  of  six  weeks  upward.  That  is,  the  tail  becomes 
progressively  relatively  loiter,  being  relatively  more  than  twice 
as  long  in  the  adult  as  at  birth.  The  acceleration  of  the  tail- 
growth  at  such  a  later  period  may  be  cited  as  an  instance  of 
the  general  law  of  cranio-caudal  progression  in  development 
(Jackson  '09). 

Turning  now  to  the  tail-ratio  in  the  rats  held  at  constant 
body-weight,  as  shown  in  table  3  b,  and  also  indicated  in  the 
chart  in  figure  2,  it  is  clear  that  in  rats  beginning  at  three  weeks 
of  age  there  has  been  a  very  decided  increase  in  the  tail-ratio, 
The  tail  at  this  age  evidently  continues  to  elongate,  even  though 
the  body-weight  has  been  held  constant,  so  that  the  tail-ratio 
approaches  (although  it  does  not  usually  quite  reach)  the  normal 
ratio  for  rats  of  corresponding  age  under  normal  conditions  of 
growth. 

If  we  compare  the  absolute  lengths  of  tail  and  body  in  the 
normal  rat  at  three  weeks  (table  3  a)  with  those  in  rats  held  at 
constant  body-weight  from  the  age  of  three  weeks  to  the  age 
of  six,  eight,  ten,  thirteen  and  sixteen  weeks,  it  appears  that 
there  has  also  beeri  a  slight  increase  in  the  absolute  length  of 
the  body.  The  increase  in  tail-length  is  considerably  greater, 
however,  so  the  tail-ratio  increases  as  above  stated. 

The  larger  number  of  rats  were  held  constant  from  the  age  of 
three  to  the  age  of  ten  weeks.  Since  the  average  body-weight 
for  the  normal  series  at  three  weeks  is  slightly  lower  than  that 
of  the  series  held  constant  to  ten  weeks  of  age,  I  have  obtained 
a  new  normal  series  of  higher  body-weight  for  direct  comparison 
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Fig.  2  Chart  showing  the  change  in  the  ratioof  tail-length  to  body  (noae-anus) 
length  in  the  albino  rat  from  birth  to  maturity.  Males  arc  indicatpd  by  roundcil 
dots,  fcmalcB  by  X.  The  individuals  held  at  constant  body-weight  during  the 
experiment  are  encircled.  The  curve  is  drawn  through  points  rcpresentirg  the 
means  for  the  normal  individuals  at  various  periods,  sexes  combined. 

(by  dropping  out  the  lighter  rats  of  the  series  given  in  table 
3  a).  Thus  in  sixteen  normal  males  aged  three  weeks,  average 
net  body-wei^t  is  24.2  grams,  the  average  body-length  is  94.5 
mm.  and  tail-length  is  61.6  mm.  (compared  with  105.2  mm. 
body-length  and  86.2  mm.  tail-length  in  the  3  to  10  weeks  experi- 
ment). Similarly,  in  eight  normal  females  at  three  weeks,  aver- 
age net  body-weight  23.2  grams,  the  average  body-length  is 
91.1  mm.,  and  tail-length  is  63.4  mm.  (compared  with  99.6  mm. 
body-length  and  83.9  mm.  tail-length  in  the  3  to  10  weeks 
experiment).  In  other  words,  while  the  body  has  increased 
about  one-tenth  in  length,  the  tail  has  increased  over  one-third, 
the  body-weight  being  held  constant  from  the  age  of  three  to 
ten  weeks. 
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In  order  to  show  more  clearly  this  change  in  the  ratio  of  tail- 
length  to  body-length,  the  individual  ratios  corresponding  to 
the  450  observations  on  rats  from  all  sources  (including  the  148 
Wistar  rats)  were  plotted  according  to  body-weight  in  figure  2. 
As  the  sexes  are  distinguished  in  the  entries,  it  is  evident  that 
the  females  tend  to  have  a  higher  tail-ratio.  The  curve  has 
been  drawn  through  the  averages  at  various  periods  (sexes 
combined).  It  is  smoothed  free  hand,  as  the  labor  of  con- 
structing the  curve  more  accurately  by  mathematical  methods 
did  not  seem  justified. 

Special  attention  is  called  to  one  apparent  discrepancy  between 
the  curve  in  figure  2  and  the  data  in  table  3  a.  In  the  latter,  it 
appears  that  the  tail  reaches  at  six  weeks  an  apparent  maximum 
ratio  of  0.88  (sexes  combined),  which  is  maintained  nearly  con- 
stant at  succeeding  periods.  In  the  chart,  however,  it  is  seen 
that  in  rats  above  300  grams  the  average  ratio  drops  to  nearly 
0.80.  These  heavy  rats  are  nearly  all  from  the  Wistar  series, 
and  are  all  males.  It  is  therefore  evident  that  the  drop  in  the 
tail-ratio  cur\'e  is  in  part  due  to  the  fact  that  no  females  are 
included  in  the  higher  body-weights.  Even  taking  this  into 
account,  however,  there  is  still  a  decrease  in  the  tail-ratio  of 
the  male  from  a  maximum  of  about  0.86  or  0.87  in  rats  between 
50  and  200  grams  body-weight,  to  nearly  0.80  in  rats  above 
250  grams.  (In  7  male  rats  between  350  and  400  grams,  not 
shown  in  figure  2,  the  ratios  were  slightly  above  the  0.80  line, 
the  average  being  0.81).' 

'  Since  the  completion  of  the  present  paper,  I  have  received,  through  the  court- 
esy of  Professor  Donaldaon,  a  manuscript  eopy  of  reference  tables  compiled  at 
The  Wistar  Institute  by  formulas  tor  various  measurements  of  the  albino  rat. 
These  include  the  body-lengtha  and  tail-lengths,  by  sexes,  from  newborn  to  adult. 
From  these  data  I  have  calculated  the  tail-ratios  and  find  the  result  in  general 
agreement  with  the  curve  shown  in  figure  2.  The  tail-ratios  calculated  from  the 
Wistar  tables  are  somewhat  lower,  corresponding  to  body-weights  from  30  to 
100  grams,  however.  They  also  increase  steadily,  so  that  at  body-weights  above 
200  grams  they  He  slightly  above  the  curve  in  figure  2.  The  tail-ratio  according 
to  the  Wistar  tables  is  about  4  per  cent  higher  In  the  female  throughout,  when 
the  sexes  of  equal  body-length  or  body-weight  are  compared.  In  rats  above  300 
grams  bo*iy-weight,  the  tail-ratio  is  about  0.86  in  the  male  and  0.89  in  the  female. 
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The  two  observations  on  rats  held  constant  from  the  age  of 
three  weeks  to  the  ages  of  thirteen  and  sixteen  weeks  would  seem 
to  indicate  a  continuation  of  the  process  of  elongation  of  the  tail, 
even  beyond  the  normal  ratio  at  corresponding  age,  but  the 
number  of  observations  is  too  small  for  definite  conclusion. 

The  number  of  animals  beginning  the  experiment  at  later 
ages,  body-weight  constant  from  age  of  six  to  age  of  thirty-two 
weeks  (2)  and  from  ten  to  thirty-live  weeks  (3),  is  also  too  small 
to  draw  any  very  positive  conclusions.  However,  so  far  as  they 
go,  they  indicate  (table  3  b;  fig.  2)  that  between  the  ages  of  six  and 
thirty-five  weeks  there  is  no  marked  change  in  the  tail-ratio  of  rats 
held  at  constant  body-weight. 

It  will  be  observed  that  also  in  the  normial  rats  between  six 
and  thirty-five  weeks  of  age  there  is  no  apparent  change  in  the 
tail-ratio,  whereas  between  three  and  six  weeks  of  age  there  is 
normally  a  decided  increase  in  the  tail-ratio.  The  lengths  of 
the  body  and  tail  are  of  course  determined  primarily  by  the 
growth  of  the  skeleton.  I  would  therefore  interpret  the  results 
concerning  the  lengths  of  tail  and  body  as  follows.  In  young, 
growing  rats  held  at  constant  body-weight,  the  body  and  tail 
tend  to  increase  so  as  to  assume  the  normal  ratio  at  corresponding 
ages.  This  is  due  to  the  fact  that,  as  will  appear  later,  the  skele- 
ton continues  to  grow  in  a  normal  manner  (thou^  at  a  reduced 
rate)  in  animals  held  at  constant  body-weight. 

There  is  another  possible  factor  in  causing  the  increased  tail- 
ratio  in  young,  growing  rats,  which  may  also  apply  to  the  similar 
relative  elongation  of  the  tail  found  in  adult  rats  (cf.  Jackson 
'15  c).  Professor  Donaldson  points  out  (in  a  personal  com- 
munication) that  during  inanition  there  may  be  an  arching  of 
the  spinal  column,  producing  an  actual  shortening  of  the  body- 
length.  Such  an  arching  actually  does  occur,  and  may  be  noted 
especially  in  young  rats  during  chronic  inanition.  It  is  well 
shown  in  the  stunted  rats  photographed  in  figure  1.  Of  course 
the  greater  part  of  this  longitudinal  curvature  of  the  spinal  column 
is  eliminated  by  the  slight  tension  exerted  in  order  to  straighten 
out  the  body  when  it  is  measured  after  death.    But  it  is  still 
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quite  possible  that  this  does  not  entirely  eliminate  the  shorten- 
ing of  the  column.  In  any  event,  however,  this  is  probably  a 
factor  of  minor  importance  in  altering  the  tail-ratio  during 
inanition. 

Hatai  ('08)  in  a  series  of  five  'stunted'  rats  in  which  growth 
had  been  retarded  (but  not  stopped)  by  a  diet  of  starch-mixtures 
from  age  of  30  days  up  to  from  127  to  215  days  (the  final  body- 
weight  being  from  70.9  to  113.7  grams)  finds  the  average  tail- 
ratio  0.75  as  compared  with  about  0.82  in  controls.  He  notes 
that; 

The  most  conspicuous  external  differences  lietween  normal  and 
stunted  rats  as  shown  by  the  stunted  rats  are  in  the  length  of  the  body 
and  of  the  tail,  both  of  which  were  considerably  reduced  with  respect 
to  the  body-weight.  This  peculiar  difference,  as  is  seen  from  the  table, 
holds  true  in  every  case.  Further,  the  ratio  between  the  length  of  the 
body  and  that  of  the  tail  is  considerably  less  in  the  stunted  rats  than 
in  the  control  rats.  .  .  .  Underfeeding  therefore  produces  short 
tailed  individuals. 

Recently,  however,  Dr.  Hatai  (in  a  personal  communication) 
states  that  in  other  inanition  experiments  he  has  obtained  dif- 
ferent results,  and  that  "rats  either  grown  or  kept  in  a  state  of 
chronic  inanition  (starch  feeding,  lipoid-free  ration  and  wheat 
embryo  feeding)  give  a  longer  tail"  in  agreement  with  my  results. 

Morgulis  ('11)  in  the  salamander  Diemyctylus  found  a  rela- 
tively greater  shrinkage  in  the  tail  than  in  the  body  durmg 
inanition;  while  Harms  ('09)  found  the  converse  to  be  true  m 
Triton. 

HEAD 

The  head  (table  4 ;  fig.  3)  at  three  weeks  normally  forms  an 
average  of  22.5  per  cent  of  the  body,  the  average  net  body- 
weight  beii^  21.2  grams.  In  the  11  controls  at  three  weeks,  the 
body-weight  (24.6  grams)  is  slightly  higher,  and  the  correspond- 
ing relative  head-weight,  20.6  per  cent,  somewhat  lower.  In 
the  rats  held  constant  from  the  age  of  three  weeks  to  the  ages  of 
six  and  eight  weeks,  the  average  percentage  of  the  head  (21.6 
per  cent  and  23.9  per  cent)  is  higher  than  that  of  the  controls. 
But  the  average  body-weight  in  these  groups   is  lower,  more 
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nearly  the  nonnal  above  cited,  so  it  is  doubtful  whether  there  is 
any  actual  increase  in  the  head-weight  (either  relative  or  absolute) 
during  the  experiment.  The  larger  ten  weeks  group,  however, 
is  nearly  equal  to  the  controls  in  average  body-weight,  and  shows 
an  apparent  increase  in  head-weight  from  an  average  of  5.01 
to  5.34  grams,  or  from  20.6  per  cent  to  22.7  per  cent  (table  4; 
fig.  3).  In  any  event,  however,  the  increase  In  the  head-weight 
is  slight,  and  is  not  apparent  in  the  two  rats  held  constant  from 
three  to  thirteen  and  sixteen  weeks  (average  of  the  two  is  20,6 
per  cent).  On  the  other  hand,  there  appears  to  be  a  slight 
increase  in  the  weight  of  the  head  in  the  rats  held  constant  from 
six  to  thirty-two  weeks  (15.2  to  17.7  per  cent),  and  from  ten  to 
thirty-five  (12  to  14.0  per  cent). 

On  the  whole,  therefore,  the  evidence  would  appear  to  indicate 
that  in  young  rats  held  at  constant  body-weight  for  considerable 
periods  of  time  there  is  a  slight  increase  in  the  weight  of  the  head. 
This  is  probably  due  to  the  increase  in  skeletal  weight,  which  in 
the  head  probably  overbalances  the  decrease  in  the  weight  of  the 
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Fig.  3  Diagram  representing  the  average  relative  (percentage)  weights  of 
parts  of  the  body  (head,  extremities  and  trunk)  in  albino  rata  held  at  constant 
body-weight  from  the  age  of  three  to  ten  weeks,  and  in  controls  at  three  and  at 
ten  weeks  of  age. 
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integument;  although,  as  will  be  shown  later,  the  average  loss 
in  the  integument  of  the  entire  body  is  relatively  slightly  greater 
than  the  corresponding  skeletal  increase  (fig.  4). 

In  both  acute  and  chronic  inanition  in  adult  rats  (Jackson 
'15  a,  '15  c)  the  head  increases  very  markedly  in  relative  weight, 
the  loss  in  absolute  weight  being  but  very  slight  in  comparison 
with  the  loss  in  weight  of  the  entire  body, 

EXTREMITIES  AND  TRUNK 

The  extremities  (table  5;  fig.  3)  were  separated  at  the  shoulder- 
joint  and  hip-joint,  respectively.  There  is  apparently  a  slight 
decrease  in  the  relative  weight  of  the  fore-limbs  in  the  youi^ 
rats  held  at  constant  body-weight  from  the  age  of  three  weeks  to 
BK,  eight,  ten,  thirteen  and  sixteen  weeks  of  age.  In  the  case  of 
the  rats  held  constant  from  three  to  ten  weeks,  the  apparent 
decrease  is  from  an  average  of  9.6  per  cent  to  8.5  per  cent.  On 
account  of  the  small  number  of  observations,  however,  and  the 
difficulty  in  separating  the  limbs  (especially  the  integument) 
in  an  absolutely  uniform  manner,  the  slight  apparent  decrease 
is  of  doubtful  significance. 

In  the  case  of  the  hind-limbs,  there  is  likewise  an  apparent 
indication  of  a  shght  decrease,  but  even  less  marked  than  in  the 
fore-limbs.  The  apparent  average  decrease  from  15.7  per  cent 
to  15.4  per  cent  of  the  body-weight  in  the  largest  group  (three  to 
ten  weeks,  is  well  within  the  limits  of  experimental  error. 

On  the  whole,  therefore,  it  is  doubtful  whether  there  is  any 
distinct  and  significant  change  in  the  weights  of  the  extremities 
in  youi^  rats  held  at  constant  body-weight  for  considerable 
periods.  A  slight  loss,  however,  might  be  accoimted  for  by  the 
slightly  greater  loss  in  the  integimient  (as  compared  with  the 
gain  by  the  skeleton);  especially  since  the  integument  of  the 
limbs  probably  forms  a  relatively  larger  part  of  the  limbs  than 
the  whole  integument  does  of  the  whole  body. 

The  trunk  was  not  weighed  directly,  but  its  weight  was  cal- 
culated by  subtracting  from  the  net  body-weight  the  weight 
of  the  head  and  extremities.     From  what  has  been  said  con- 


,d.y  Google 


Tht  extretnitiet;  averoife  (Asolute  weight,  average  peretntage  of  net  hodyteeight  and 
range  indicated 

11 


Nonnsl  Bt  3  whIu  (JscIuoo  and  Loi 

Controls  at  3  weeks 

Body-weiglitconiiUDt  3< 
Body-weiibtcoDiUnt  i< 
Body-wHEbtconBtsnt  7irHks(a| 
Body-wei«btconsuntlOwe«k8(«| 
Body-miaht  DonBtaDt  13w»el»  (ace  a[  3  to  1ft 
Komuil  At  A  meka  (Jacluou  and  Lowr«y} . . 

Contnla  at  ft  we«ka 

CoDtrolsat  lOweeks 


nlOv 


DntiDlsat  3wMki. 


Body 

Kathlmnntan 

iweek 

7  week 
10  weeks 
13  week 

(ateol  3  to 
(age  ol  3  to 
lagcofSto 
(.geofBtol 
(a*eo(3t<! 

6  week.) 

Body 
Body 
Body 
Norn. 

*eilclitconm«n 
.weight  mnstan 
weiBhtooTiBtan 
alaC3wHl«{ 
ol.Bl«weelo.. 
ol>  at  10  weeks 
■1  at  10  w«ek< 

■  week.] 

Norm 

JackeoD  and  Lowrey 

TABLE  ft 
average  absolute  weight,  average  percentage  of  net  body-weight  and 
range  indicated 


&EMBIPT10H  Of  S*tB 

'h 

si 

li 
P 

(AHDBAHaEKaiUIlS 

renCEKT 

i 

24 
20 

S.SB    (3.M-8.3*) 
2.81    (2  SI- 3.21) 
2.7S   {2.27-3.30) 
3  41    |2.«3- 4.511 
3,50 

8.04    (8.00-8.06) 
8.15    (5.70-  B.M) 

28.70  (l».iO-32. 10) 
14  00  (12.30-17,20) 
38  40  (?S  10-55  20) 

22.4    (18.7-2*21 

Body-wevhtoonnnnt  tweeka(aieol3ta  Sweekal 
Body-weight conatant  7 weeka(a«eDt3tolOweek.| 

12.4    (6.82-14.1) 
13.8    (12 .6 -IS  S) 
US    (12,3-17  5) 
13,7 

CoDtixjIaatftweeka 

NormalBt  [0  weeks  (Jack»ri  and  Lowrey)  

42  4 

134,0 

17.0    ris,i  -|».0) 
13.0    (12  »  -13.11 
18.7    (IS. 8  -22  3) 

17.B    (18  8  -10.1) 
10.1    (16  0-23  2) 

■ioyGoogle 


WEIGHTS   OF   ORGANS   IN   UNDERFED   YOUNG   BATS  117 

ceming  the  head  and  extremities,  it  follows  that  there  cannot  be 
much  change  in  the  trunk-weight,  since  the  probable  s%ht  in- 
crease in  the  weight  of  the  head  is  off-set  by  a  slight  decrease  in 
the  extremities.  In  the  largest  group,  however,  held  at  constant 
body-weight  from  three  to  ten  weeks  of  age  (fig.  3),  the  trunk 
would  apparently  decrease  from  an  average  of  54.1  per  cent  to 
53.4  per  cent.  This  apparent  change  is  so  slight  as  to  be  (prob- 
ably) ins^iiicant. 

The  results  concerning  the  parts  of  the  body  therefore  fail 
to  indicate  any  decided  change  of  proportional  weights  in  young 
animals  held  for  considerable  periods  at  constant  body-weight. 
There  is  apparently  a  very  small  increase  in  the  head,  counter- 
balanced by  a  corresponding  decrease  in  the  trunk  and  extremi- 
ties, but  the  change  is  so  slight  as  to  be  of  doubtful  significance. 
During  nmnition  in  adult  rats,  there  is  apparently  a  relative 
increase  in  both  head  and  extremities,  coimterbalanced  by  a 
relative  decrease  in  the  trunk  (Jackson  '15  a,  '  15c). 

INTEGUMENT 

In  the  rats  held  at  constant  body-weight  from  the  age  of  three 
weeks  to  six,  eight,  ten,  thirteen  and  sbcteen  weeks,  there  is  a 
very  marked  loss  in  the  weight  of  the  integument  (including 
hair  and  nails;  table  6;  fig.  4).  In  the  case  of  the  largest  (three 
to  ten  weeks)  group,  the  decrease  is  from  an  average  of  21.9 
per  cent  to  14.5  per  cent  of  the  body-weight.  In  terms  of  abso- 
lute weight,  the  decrease  is  from  5.30  grams  (5.59  grams,  less 
correction  on  account  of  difference  in  body-weight,  which  aver- 
ages 25.1  grams  at  three  weeks  and  23.8  grams  at  ten  weeks) 
to  3.41  grams,  a  decrease  of  about  36  per  cent.  The  decrease 
would  appear  slightly  greater  if  the  difference  in  relative  weight 
of  the  integument  for  different  initial  body-weights  were  taken  into 
account,  lliere  is  apparently  even  greater  loss  at  the  other 
ages.  It  would  appear  that  this  loss  (which  is  perhaps  chiefly 
a  loss  of  fat)  occurs  rather  early,  as  at  six  weeks  (body-weight 
held  constant  three  weeks)  the  loss  is  as  great  as  at  subsequent 
and  longer  periods. 
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Fig.  4  Diagram  representing  the  average  relative  (percentage)  wei^ta  of 
the  various  eyBteme  (integument,  skeleton,  mueculature,  viscera  and  'remainder') 
in  albino  rats  held  at  constant  body-wei^t  from  the  age  of  three  to  ten  weeks, 
and  in  cootrols  at  three  and  at  (en  weeks  of  age. 
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In  the  lUts  experimented  upon  at  later  and  longer  periods 
(ages  of  six  to  thirty-two  weeks  and  ten  to  thirty-five  weeks) 
there  is  also  a  marked  loss  in  the  weight  of  the  skin,  though 
apparently  not  so  great  as  at  the  earlier  periods. 

This  loss  in  the  weight  of  the  integument  is  in  striking  contrast 
with  the  results  of  inanition  in  adult  rats  (Jackson  '15  a,  '15c). 
Here  the  loss  is  very  nearly  proportional  to  that  of  the  whole 
body,  so  the  integument  nearly  maintains  its  relative  (per- 
centage) weight. 

From  his  experiments  upon  young  dogs  held  at  constant  body- 
weight,  Aron  ('11,  p.  29)  states  that:  "The  skin  shows  a  sfightly 
higher  percentage  of  the  body-weight  in  those  animals  kept  at  a 
constant  weight  than  in  the  normal,  control  dogs.  These  figures 
indicate  that,  while  the  (body)  weight  was  constant,  the  skin 
increased  very  slightly  in  we^t. "  The  figures  cited  show  the 
skin  in  animals  held  at  nearly  constant  body-weight  to  form  (in 
four  cases)  12.2  to  14.6  per  cent  of  the  body-weight,  whereas  in 
three  corresponding  full-fed  controls  the  skin  formed  11.2  to 
13.0  per  cent.  Aron,  however,  overlooks  the  fact  that  he  is 
making  his  comparison  with  controls  at  the  end  of  the  experi- 
ment. In  order  to  judge  what  changes  have  taken  placed  during 
the  experiment,  the  comparison  must  be  with  normal  control 
animals  killed  at  the  beginning  of  the  experiment.  Aron  records 
but  one  case  which  can  be  used  for  this  purpose.  His  Dog  D 
(table  13,  Experiment  IV)  killed  at  the  age  of  40  days,  the  begin- 
ning of  the  experiment,  with  body-weight  of  1985  grams  shows  a 
skin-weight  of  320  grams,  or  about  16.1  per  cent  of  the  body- 
weight.  From  Aron's  own  data,  therefore,  I  would  reach  the 
opposite  conclusion,  viz.,  that  in  young  dogs  held  at  constant 
body-weight,  the  skin  suffers  a  marked  loss  in  weight.  This 
would  agree  with  my  results  on  rats. 


The  skeleton  (table  7;  fig.  4)  was  prepared  in  three  ways. 
The  bones,  together  with  the  cartilages,  periosteum  and  liga- 
ments, constitute  the  'ligamentous  skeleton'  (table  7  a).  The 
bones  and  cartilages,  after  removal  of  the  periosteum  and  liga- 
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ments  by  inunersion  for  about  one  hour  in  1  per  cent  aqueous 
'gold  dust  'solution  at  90°C.,  constitute  the  'cartilaginoue  skele- 
ton' (table  7  b).  ■  Finally  the  cartilaginous  skeleton  dried  in 
an  oven  at  95°C.  to  constant  weight  constitutes  the  'dry  skele- 
ton' (table  7  c). 

An  examination  of  the  weight  of  the  ligamentous  skeleton 
(table  7  a)  reveals  the  striking  fact  that  while  the  body-weight 
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is  held  constant  the  skeleton  continues  to  increase  in  weight  to  a 
marked  degree.  In  the  rats  beginning  at  three  weeks,  there  ie 
an  increase  in  the  relative  weight  of  the  ligamentous  skeleton 
from  15.7  per  cent  of  the  body  to  18.0  per  cent  at  six  weeks  and 
to  an  apparent  maximum  of  23.7  per  cent  at  eight  weeks.  This 
latter  is  probably  an  exceptional  figure,  as  in  the  largest  group, 
at  ten  weeks,  the  average  is  21.2  per  cent  (fig.  4).  This  corre- 
sponds to  an  increase  from  an  absolute  weight  of  3.90  to  4.98 
grams,  an  increase  of  about  28  per  cent  (or  slightly  more,  if 
correction  be  made  for  the  difference  in  body-weight,  average 
24.5  grams  at  three  weeks  and  23.8  grams  at  ten  weeks).  The 
two  cases  carried  to  thirteen  and  sbcteen  weeks,  respectively, 
show  a  sUghtly  smaller  relative  increase.  The  rats  used  at  later 
and  longer  periods  (ages  of  six  to  thirty-two  weeks  and  ten  to 
thirty-five  weeks)  also  show  a  considerable  increase  in  the 
skeleton,  though  relatively  less  than  those  beginning  at  the 
earlier  period. 

The  data  for  the  cartilaginous  skeleton  (table  7  b)  similarly 
show  a  marked  increase  in  rats  held  at  constant  body-weight  for 
various  periods  beginning  at  three  weeks  of  age.  The  figures 
for  the  largest  group  (three  to  ten  weeks)  indicate  an  increase 
from  11.4  per  cent  to  14.6  per  cent  of  the  body.  In  terms  of 
absolute  weight,  the  increase  is  from  an  average  of  2.60  grams 
(body-weight  22.9  grams)  to  3.16  grains  (body-weight  22.4  grams), 
an  increase  of  about  one-fourth.  Subtracting  the  percentage 
weights  of  the  cartilaginous  skeleton  from  the  corresponding 
ligamentous  skeleton,  there  is  (for  the  three  to  ten  weeks  group) 
an  evident  increase  of  the  ligaments  and  periosteum  from  4.3 
per  cent  to  6-6  per  cent  of  the  net  body-weight.  This  would 
indicate  that  the  Ugamentous  component  of  the  skeleton  shares 
in  the  marked  growth  during  constant  body-weight. 

Professor  Donaldson  (in  a  personal  communication)  has  kindly 
supplied  a  series  of  observations  showing  that  the  cartilaginous 
skeleton  in  the  normal  rat  changes  from  a  relative  weight  of 
about  10  per  cent  of  the  body  at  20  grams  to  7.5  per  cent  at  50 
grams,  7  per  cent  at  100  grams  and  6.7  per  cent  in  rats  above 
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200  grams.  TTiese  weights,  however,  do  not  include  the  inter- 
vertebral discs. 

ITie  data  for  the  dried  cartil^inous  skeleton  (table  7  c)  indi- 
cate an  even  greater  increase  in  the  dry  skeleton  of  the  rats  held 
at  constant  body-weight.  Thus  in  rats  beginning  at  t^iree 
weeks  the  dry  substance  increases  from  3.43  per  cent  of  the  body 
weight  to  4.98  per  cent  at  six  weeks  of  age,  5.49  per  cent  at  eight 
weeks,  5-84  per  cent  at  ten  weeks,  6.31  per  cent  at  thirteen  weeks 
and  6.71  per  cent  at  sixteen  weeks. 

Since  the  increase  in  the  dry  skeleton  is  relatively  greater  than 
that  for  the  (moist)  cartilaginous  skeleton,  it  necessarily  follows 
that  the  skeleton  must  be  losing  in  percentage  of  water  and 
gaining  in  percentage  of  dry  substance.  The  percentage  of 
dry  substance  has  been  calculated  for  each  individual  skeleton 
included  in  tables  7  a  and  7  b,  and  the  averages  for  each  group 
are  as  follows:  controls  at  three  weeks,  31.4  per  cent;  constant 
three  to  six  weeks  of  age,  33.6  per  cent;  three  to  eight  weeks,  30.0 
per  cent ;  three  to  ten  weeks,  41.7  per  cent ;  three  to  thirteen  weeks, 
40-2  per  cent;  three  to  sixteen  weeks,  44.0  per  cent;  control  at 
ten  weeks,  53.4  per  cent. 

Lowrey  ('13)  finds  the  dry  substance  of  the  ligamentous 
skeleton  in  the  normal  albino  rat  to  increase  from  an  average  of 
33.3  per  cent  at  20  days  of  age  to  39.2  per  cent  at  six  weeks, 
45.9  per  cent  at  ten  weeks,  50.4  per  cent  at  five  months  and  52.6 
per  cent  at  one  year. 

From  the  foregoing  it  is  evident  that  in  rats  held  at  constant 
body-weight  beginning  at  three  weeks,  ^e  growing  cartilaginous 
skeleton  steadily  increases  its  percentage  of  dry  substance. 
Thus  it  tends  to  change  the  proportions  of  water  and  dry  sub- 
stance as  during  normal  growth.  The  percentage  of  dry  sub- 
stance does  not  increase  so  rapidly  with  age  as  diuing  normal 
growth,  however,  but  lags  behind  corresponding  to  the  retard- 
ation in  absolute  growth.  Dining  inanition  in  adult  rats,  on 
the  contrary,  there  is  a  relative  decrease  in  the  dry  substance, 
and  an  increase  in  water-content  (Jackson  '15  c). 

It  has  already  been  noted  in  a  previous  section  ("Lengths  of 
body  and  tail")  that  in  the  rats  held  at  constant  body-weight 
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beginning  at  the  age  of  three  weeks  there  is  an  increase  in  the 
lengths  of  both  body  and  tail.  The  latter  increases  more  rapidly, 
however,  so  that  it  tends  to  assume  the  tail-ratio  fomid  in  normal 
rats  of  corresponding  age.  This  indicates  that  the  skeleton  not 
only  continues  to  grow  (though  at  a  reduced  rate)  while  the  body- 
weight  is  held  constant,  but  also  tends  to  grow  in  a  normal  manner, 
so  as  to  produce  the  normal  ratio  of  taii-Iength  and  body-length. 
The  preceding  paragraphs  have,  shown  that  the  increased- growth 
of  skeleton  affects  the  ligamentous  as  well  as  the  cartilaginous 
and  bony  components,  and  that  the  chemical  composition  (per- 
centages of  water  and  dry  substance)  also  changes  in  a  manner 
tending  to  assume  the  normal. 

The  question  naturally  arises  as  to  whether  the  skeletal  growth 
durii^  constant  body-weight  is  merely  a  growth  in  mass,  or  is 
associated  with  the  normal  process  of  differentiation.  During 
the  present  investigation  a  few  observations  have  been  made  upon 
the  development  of  the  normal  skeleton,  indicatii^  some  of  the 
more  obvious  changes  durii^  the  age-periods  of  the  rats  under 
experiment,  especially  between  the  ages  of  three  and  ten  weeks. 
While  a  detailed  study  of  the  developmental  changes  in  the  skele- 
ton is  reserved  for  a  separate  paper,  some  preliminary  con- 
clusions may  be  noted  here. 

In  skeletons  of  rats  held  at  constant  body-weight  from  the  age 
of  three  to  the  age  of  ten  weeks,  the  appearance  and  fusion  of 
certain  epiphyses  may  be  noted  as  in  the  normal  animal  during 
Uiis  period,  although  in  most  cases  the  process  appears  to  be 
retarded  somewhat.  The  following  examples  may  be  cited. 
In  the  normal  skeleton  at  three  weeks  of  age,  the  epiphyses  at 
the  ends  of  the  vertebral  bodies  have  not  appeared;  the  epiphysis 
at  the  lower  end  of  the  himierus  is  well  developed,  but  not  fused 
with  the  shaft;  the  maxilla  and  mandible  present  each  two  molare 
(on  each  side),  with  no  visible  trace  of  a  third.  In  the  normal 
skeleton  at  ten  weeks,  the  epiphyses  at  the  ends  of  the  verte- 
ht&\  bodies  have  appeared,  and  most  of  them  have  united  with 
the  corre^onding  bones;  the  epiphysis  at  the  lower  end  of  the 
humerus  is  firmly  fused  with  the  shaft;  well  developed  third 
molar  teeth  have  appeared,  both  in  the  maxilla  and  in  the  mandi- 
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ble.  In  the  skeleton  of  a  rat  held  at  constant  body-wdgbt 
from  three  to  ten  weeks  of  age,  most  of  the  epiphyses  of  the 
vertebral  bodies  have  appeared,  and  they  usually  have  united 
at  one  end  of  each  bone;  the  lower  epiphysis  of  the  humerus  is 
firmly  xmited  with  the  shaft,  as  normally  at  ten  weeks;  well- 
developed  third  molars  have  appeared,  as  normally  at  ten  weeks. 
In  a  rat  held  at  constant  body-weight  from  age  of  three  to  six- 
teen weeks,  the  skeletal  differentiation  was  more  advanced, 
corresponding  at  least  to  the  stage  reached  normally  at  ten 
weeks,  and  in  some  respects  perhaps  even  beyond  it. 

These  observations  will  suffice  to  establish  the  fact  that  the 
skeletal  growth  dining  constant  body-weight  is  accompanied 
by  normal  developmental  changes,  as  well  as  changes  in  chemical 
composition  (percentage  of  water).  In  other  words,  we  find 
not  only  increase  in  mass  but  growth  and  differentiation  appar- 
ently normal  in  character,  though  somewhat  retarded  in  rate. 
These  skeletal  characters  therefore  tend  to  correlation  with  age, 
although  influenced  also  by  the  general  body-weight. 

The  remarkable  fact  that  the  skeleton  continues  to  grow  while 
the  body-weight  is  held  constant  was  apparently  first  observed 
by  Waters  ('08)  who  found  that  calves  previously  well  nourished 
wiU  continue  to  increase  in  height  and  in  width  of  hip  for  a  con- 
siderable time,  even  when  increase  of  body-weight  is  prevented 
by  under-feeding.     He  remarks  ('08  b,  p.  9) : 

Apparently  the  animal  organism  is  capable  of  drawing  upon  its 
reserve  for  the  purposes  of  sustaining  the  growth  process,  for  a  con- 
siderable time  and  to  a  considerable  extent.  Our  experiments  indicate 
that  after  the  reserve  is  drawn  upon  to  a  certain  extent  to  support 
growth,  the  process  ceases  and  there  is  no  further  increase  in  height 
or  in  length  of  bone.  From  this  point  on,  the  animal's  chief  business 
seems  to  be  to  sustain  life.  This  law  applies  to  animals  on  a  stationary 
live  weight  as  well  aa  to  those  being  fed  so  that  the  live  weight  is  stead- 
ily declining,  and  indeed  to  those  whose  ration,  while  above  main- 
tenance, and  causing  a  gain  in  live  weight,  is  less  than  the  norm^ 
growth  rate  of  the  individual.  Such  an  animal  will,  while  gaining  in 
weight,  get  thinner,  because  it  is  drawing  upon  its  reserve  to  supple- 
ment the  ration  in  its  effort  to  grow  at  a  normal  rate. 

Aron  {'11)  experimented  with  dogs  to  determine  the  effect  of 
a  restricted  amount  of  food  upon  young,  growing  animals.    He 
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foimd  that  in  spite  of  constant  live  weight,  the  animals  con- 
tinued to  increase  in  length  and  height  for  three  to  five  months. 
Thereupon  the  emaciated  animals  became  weaker  and  died  im- 
iess  the  amount  of  food  was  somewhat  increased.  From  a 
comparative  study  of  nine  bones  (the  entire  skeleton  was  not 
measured),  Aron  concludes  that  the  skeleton  durir^  constant 
body-weight  increases  in  mass  and  also  chaises  in  chemical 
composition  (increase  in  water-content  and  protein  (?) ;  decrease 
in  fat).  The  results  of  this  very  interestii^  investigation,  while 
sufficient  to  establish  the  continued  growth  of  the  skeleton, 
would  be  more  conclusive  if  the  number  of  observations  were 
larger,  with  an  adequate  number  of  controls  at  the  beginning 
and  at  the  end  of  the  experiment.  In  a  recent  paper,  Aron  ('  14) 
records  a  few  observations  indicatii^  that  malnutrition  in 
children  retards  growth  in  length  less  than  body-weight;  so  Hiat 
the  body  may  continue  to  increase  in  lei^th  while  the  body- 
weight  is  at  a  standstill,  or  even  slightly  decreasing.  Thus  the 
strong  growth  tendency  of  the  skeleton  durii^  bare  maintenance 
of  the  body-weight  is  manifest  in  the  human  species,  as  well  as 
in  the  calves,  dogs  and  rats. 

MUSCULATURE 

Although  the  musculature  (table  8;  fig.  4)  in  the  normal  rat 
at  three  weeks  averages  26.9  per  cent  of  the  body,  according 
to  Jackson  and  Lowrey  ('12),  the  controls  in  the  present  series 
gave  a  somewhat  higher  amount,  the  average  being  31.2  per 
cent.  As  shown  in  table  8,  the  musculature  in  the  controls  of  the 
pr^ent  series  also  averaged  slightly  higher  than  the  normal 
according  to  Jackson  and  Lowrey  at  six  and  ten  weeks.  In 
rats  held  at  constant  body-weight  from  the  age  of  three  weeks 
to  six,  ten  and  thirteen  weeks,  the  musculature  appears  relatively 
very  slightly  higher  than  in  the  controls  at  three  weeks.  The 
apparent  increase  from  three  to  ten  weeks  is  from  7.40  grams 
(7.81  grams,  less  correction  correspwnding  to  the  smaller  body- 
weight  at  10  weeks)  to  7.62  grams,  or  an  increase  of  3.0  per  cent 
in  absolute  weight.    In  the  three  to  sixteen  weeks  experiment, 
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the  average  is  slightly  lower.  In  the  six  to  thirty-two  weeks 
experiment,  the  musculature  appears  very  slightly  higher  than 
in  the  controls  at  six  weeks,  while  in  the  ten  to  thirty-five  weeks 
experiment,  the  musculature  appears  sli^tly  lower  than  in  the 
controls  at  ten  weeks.  In  the  latter  ease,  however,  the  controls 
are  too  heavy  for  comparison  with  those  under  experiment. 

In  general,  it  seems  clear  from  the  foregoing  that  in  young 
rats  held  at  constant  body-weight  the  musculature  also  remains 
nearly  constant  in  wei^t,  with  perhaps  a  very  slight  tendency 
to  increase  in  the  majority  of  cases.  In  the  course  of  normal 
growth  during  this  period,  the  musculature  shows  a  more  rapid 
growth  than  any  otilier  system,  increasing  from  about  27  per  cent 
of  the  body  at  three  weeks  to  41  per  cent  at  ten  weeks  of  age 
(Jackson  and  Lowrey).  During  inanition  in  adult  rats,  the 
musculature  loses  approximately  in  proportion  to  the  entire  body, 
slightly  less  in  acute  inanition  and  shghtly  more  in  chronic 
inanition  (Jackson  '15  c) 

Aron('ll)didnotwe!gh  the  muscles  in  his  experiments  on  dogs, 
but  infers  (p.  29)  that:  "Only  the  flesh,  muscles  and  fat  of  the 
body  remain  as  the  tissues  which  must  have  lost  during  the  course 
of  the  exi>eriments. "  From  an  analysis  of  samples  taken  from 
the  leg  muscles,  he  also  concludes  that  "The  muscles  contained 
only  oiie-half  of  the  normal  amoxmt  of  solids, "  the  protein  being 
greatly  decreased  and  the  water-content  increased.  Again, 
however,  his  comparison  is  with  controls  at  the  end  rather  than 
the  beginning  of  the  experiment,  so  that  no  conclusion  can  be 
drawn  as  to  the  changes  taking  place  durii^  the  experiment  in 
the  animals  held  at  constant  body-weight. 

VISCERA  AND   'REMAINDER' 

With  the  visceral  group  (table  9;  fig.  4)  have  been  included  the 
brain,  spinal  cord  and  eyeballs,  as  well  as  the  thoracic  and 
abdominal  viscera.  According  to  Jackson  and  I^owrey  '12,  this 
group  decreases  from  about  21  per  cent  of  the  body  at  three 
weeks  to  about  16  per  cent  at  ten  weeks  of  age.  This  is  in  fairly 
close  agreement  with  the  controls  in  the  present  series,  except  at 
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ten  weeks.  In  this  case  the  controls  are  considerably  too  heavy 
for  direct  comparison  with  the  animals  under  experiment,  which 
accounts  for  the  discrepancy. 

In  the  animals  held  at  constant  body-weight  from  the  age  of 
three  weeks  to  the  ages  of  six,  e^t  and  ten  weeks,  the  visceral 
group  shows  a  distinct  increase  in  weight.  This  is  more  marked 
at  SK  and  eight  than  at  ten  weeks,  which  perhaps  indicates  that 
the  viscera  may  increase  in  the  earlier  part  of  the  experiment, 
and  lose  weight  later.  The  experiment  from  six  to  thirty-two 
weeks  indicates  no  essential  change  in  the  weight  of  the  viscera. 
From  ten  to  thirty-five  weeks  there  is  a  slight  gain. 

On  the  whole,  it  may  be  concluded  that  during  constant  body- 
weight  in  young  albino  rats  the  visceral  group  as  a  whole  under- 
goes but  little  change  in  weight,  with  a  slight  tendency  to  in- 
crease, especially  in  the  earlier  periods.  As  will  be  seen  later, 
however,  the  individual  viscera  differ  greatly  in  their  reactions. 

Aron  ('11)  concludes  that  in  young  dogs  held  at  nearly  constant 
body-weight  the  organs  in  general  do  not  lose  weight.  On 
account  of  the  small  number  of  observations,  however,  and 
the  lack  of  adequate  controls,  it  is  difficult  to  draw  any  satis- 
factory conclusion  from  his  observations  upon  the  viscera. 

The  'remainder'  is  obtained  by  deductii^  from  the  net  body- 
weight  the  weight  of  the  integument,  skeleton,  musculature  and 
viscera.  It  therefore  includes  loss  by  evaporation  and  escape 
of  fluids,  as  well  as  a  few  small  unweighed  organs  and  the  masses 
of  dissectable  fat.  The  data  in  table  9  show  a  considerable 
variation,  as  m^ht  be  expected.  On  the  whole,  however,  it 
appears  doubtful  whether  there  is  any  material  change  in  the 
weight  of  the  'remainder'  in  young  rats  held  at  constant  body- 
weight  for  considerable  periods.  There  is  undoubtedly  a  loss 
in  the  fat,  but  this  is  probably  counterbalanced  by  an  increased 
water-content  of  the  interstitial  connective  tissues. 
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BRAIN 

The  brain  (table  10)  in  eleven  controls  at  three  weeks  of  age 
averaged  1.282  grams,  or  5.31  per  cent  of  the  (net)  body-weight. 
This  corresponds  fairly  closely  with  Donaldson's  {'08)  figure  for 
the  normal  rat  of  corresponding  weight.  In  the  rats  held  at 
constant  body-weight  from  the  age  of  three  to  six  and  eight 
weeks,  there  appears  (table  10)  to  be  a  relative  increase  in  the 
brain,  especially.at  eight  weeks,  where  it  forms  6.62  per  cent  of 
the  body.  In  reaUty,  however,  this  relative  increase  is  only 
apparent,  and  due  to  the  fact  that  these  animals  began  the  ex- 
periment at  a  lower  body-weight,  corresponding  to  which  the 
brain  is  relatively  heavier.  The  (net)  body-weighta  of  the  two 
rats  at  eight  weeks  were  respectively  18.1  grams  and  17.8  grams. 
Accordir^  to  Jackson  ('13,  p.  22),  the  brain  normally  reaches  its 
maximum  relative  weight  of  about  6.7  per  cent  of  the  body  when 
the  body-weight  is  about  15  grams.  Thus  the  final  brain-weight 
of  the  rats  held  at  constant  body-weight  from  the  age  of  three  to 
eight  weeks  of  age  is  almost  exactly  that  to  be  expected  if  the 
brain-weight  has  remained  constant. 
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The  brain  weight  has  also  apparently  remained  nearly  constant 
in  the  large  group  held  at  constant  body-weight  from  three  to 
ten  weeks  of  age.  The  average  absolute  weight  is  slightly  less, 
but  almost  in  correspondence  with  the  body-weight,  so  that  the 
average  relative  weight,  5.30  per  cent,  is  nearly  identical  with 
that  of  the  controls  at  three  weeks,  the  beginning  of  the  experi- 
ment. In  terms  of  absolute  weight,  there  is  a  very  slight  apparent 
decrease  from  1.274  grams  (1.282  grams,  less  correction'  for 
difference  in  body-weight,  which  averages  24.5  grams  in  the 
three  weeks  controls  and  24.0  grams  at  ten  weeks)  to  1.267 
grams,  a  decrease  of  about  0.5  per  cent  in  absolute  weight. 

In  the  series  held  at  constant  body-weight  from  the  age  of 
six  to  thirty-two  weeks,  there  is  an  apparent  slight  decrease  in 
the  brain  from  about  3.23  per  cent  to  3.14  per  cent  of  the  body, 
and  in  the  ten  to  thirty-five  weeks  series  a  slight  increase  (from 
2.08  to  2.12  per  cent).  Considering  the  small  number  of  observa- 
tions and  the  normal  variation,  however,  these  apparent  differ- 
ences do  not  appear  to  be  significant.  I  would,  therefore,  con- 
clude from  the  data  above  cited  that  there  is  probably  no  appreci- 
able change  in  the  weight  of  the  brain  in  young  albino  rats  held 
at  constant  body-weight  for  considerable  periods. 

Hatai  ('04)  experimented  with  a  series  of  young  rats  with 
initial  body-weights  corresponding  roughly  to  those  of  mine  at 
the  ages  of  six  to  ten  weeks.  By  giving  an  unfavorable  diet 
(starch  and  beef-fat)  their  body-weight  was  reduced  on  the 
average  about  30  per  cent.  The  brain  in  these  cases  had  appar- 
ently lost  in  absolute  weight,  the  average  loss  beii^  about  5  per 
cent.  These  results,  however,  are  of  course  not  directly  com- 
parable with  those  in  which  the  body-weight  has  remained 
constant. 

In  a  later  experiment,  Hatai  ('08)  by  underfeeding  with  un- 
favorable diet  retarded  the  growth  of  a  series  of  five  rats,  begin- 

'  It  should  be  noted  here  as  in  other  caeee  that  the  correction  for  organ-weight 
is  not  in  esact  proportion  to  the  difference  in  body-weight.  Allowance  moBtbe 
made  for  the  change  in  the  retolire  weightof  the  organ  corresponding  to  the  change 

in  body-weight. 
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rung  at  the  age  of  30  days,  so  that  at  170  days  their  average  weight 
was  only  91.5  grams,  while  full-fed  controls  averaged  146.5 
grams.  By  comparison  with  'second  controls,'  your^er  rats 
of  body-weight  similar  to  the  final  weight  of  the  stunted  series, 
he  found  that  in  the  stimted  rats  the  brain-weight  was  practi- 
cally identical  with  that  of  normal  rats  of  the  same  body-weight. 
In  other  words,  the  growth  in  brain-weight  had  been  retarded 
in  the  same  proportion  as  the  body-weight.  On  this  principle, 
if  the  body-weight  were  retarded  so  as  to  permit  no  growth  at 
all,  that  is  held  at  constant  weight,  we  should  expect  practically 
no  increase  in  weight  of  the  brain.  This  is  in  agreement  with  my 
results,  as  above  stated. 

More  recently  Donaldson  ('11)  has  experimented  with  a  larger 
series  (twenty-two  litters)  of  rats  held  at  nearly  constant  weight 
(34  grams)  from  the  age  of  thirty  to  the  age  of  fifty-one  days.  In 
the  rats  held  at  constant  body-weight,  the  brain  weight  averaged 
7.7  per  cent  less  than  in  full-fed  controls  of  the  same  litters.  No 
direct  controls  were  taken  at  the  beginning  of  the  experiment, 
but  from  the  normal  growth  formula  it  is  estimated  that  the 
initial  brain-weight  was  slightly  less  than  that  found  in  the 
retarded  rats  at  the  end  of  the  experiment.  This  would  indicate 
an  increase  of  3.6  per  cent  in  the  brain-weight,  while  ^he  body- 
weight  was  held  constant.  The  large  number  of  observations 
lends  weight  to  this  conclusion,  although  it  would  be  strength- 
ened if  direct  controls  were  available  at  the  beginning  of  the 
■  experiment. 

It  may  be  noted  that  if  Donaldson's  normal  (Wistar  reference 
tables)  rather  than  the  direct  controls  be  taken  as  the  basis  for 
estimating  the  initial  brain-weight  in  my  three  to  ten  weeks 
series,  the  result  would  indicate  a  gain  similar  to  that  found 
by  Donaldson  in  his  series.  On  the  whole,  therefore,  we  may 
safely  conclude  that  there  is  but  very  shght  if  any  increase  in  the 
brain-weight  of  young  albino  rats  held  at  constant  body-weight 
for  considerable  periods  of  time. 


,d.y  Google 


132  C.  M.  JACKSON 

SPINAL  CORD 

When  the  relative  weights  are  compared  with  the  controls  at 
the  beginning  of  the  experiment  (table  11),  or  with  the  theoreti- 
cal normal  accordii^  to  Donaldson  ('08)  there  appears  a  very 
decided  increase  in  the  spinal  cord  at  all  the  age-periods  during 
the  experiment.  Thus  while  the  body-weight  has  been  held 
constant  from  the  age  of  three  to  that  of  ten  weeks,  the  spinal 
cord  has  apparently  increased  from  an  average  of  0.179  to  0.243 
grams,  an  increase  of  about  36  per  cent  (or  slightly  more  if  the 
initial  weight  be  decreased  to  correct  for  the  difference  of  body- 
weight  at  three  weeks,  24.5  grams,  and  ten  weeks,  24.0 grams). 
This  corresponds  to  an  increase  from  0.74  per  cent  to  1.02  per 
cent  of  the  net  body- weight.  The  increases  at  the  other  age- 
periods  are  equally  striking. 

Donaldson  ('11)  in  the  experiments  previously  mentioned  also 
found  an  increase  in  the  weight  of  the  spinal  cord  in  rats  held  at 
body-weight  of  about  34  grams  from  the  age  of  thirty  days  to 
that  of  fifty-one  days.  He  does  not  estimate  this  increase  exactly 
but  from  the  normal  weight  of  the  cord  at  the  beginning  of  the 
experiment  (cf.  Donaldson  '08,  table  1)  the  weight  must  have 
increased  from  about  0.223  to  0.2498  grams,  an  increase  of  about 
10.7  per  cent.  While  this  is  not  so  striking  as  my  results  (per- 
haps in  part  because  my  experiments  covered  a  longer  period  of 
time)  it  agrees  in  indicating  during  constant  body-weight  a 
much  stronger  growth  tendency  in  the  spinal  cord  than  in  the 
brain.  This  is  in  agreement  with  the  well-known  fact  that  in 
general  the  normal  post-natal  growth  of  the  spinal  cord  is  rela- 
tively much  more  rapid  than  that  of  the  brain.  This  growth  of 
the  spinal  cord  is  apparently  correlated  with  the  increase  in 
trunk-length  (Donaldson). 

EYEBALLS 

An  increase  even  more  striking  than  that  of  the  spinal  cord  is 
apparent  in  the  eyeballs  (table  12).  In  rats  held  at  constant 
body-weight  from  the  age  of  three  weeks,  the  eyeballs  increase 
from  a  relative  weight  of  about  0.50  per  cent  of  the  body-weight 
to  0.64  per  cent  at  six  weeks,  0.82  per  cent  at  eight  weeks,  and 
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0.76  per  cent  at  ten  weeks.  In  terms  of  absolute  weight,  the 
eyeballs  have  apparently  increased  from  an  average  of  0.120 
grams  at  three  weeks  to  about  0.179  grams  (no  correction  made 
for  the  slight  difference  in  body-weight)  at  ten  weeks,  an  increase 
of  nearly  50  per  cent  I  In  the  normal,  full-fed  rat  at  ten  weeks 
(average  body-weight  112  grams)  the  eyeballs  have  reached  a 
weight  of  only  about  0.201  grams  (Jackson  '13).  At  this  rate, 
the  weight  of  the  eyeballs  at  a  normal  body-weight  of  75  grams 
(the  body-weight  indicated  in  table  12  as  'normal  at  10  weeks.' 
to  correspond  to  the  body-weight  of  the  aninaals  held  at  constant 
body-weight  from  the  age  of  ten  to  thirty-five  weeks)  would  be 
only  about  0. 173  grams,  or  slightly  less  than  that  actually  reached 
in  the  series  held  at  constant  body-weight  of  24  grams  from  three 
weeks  to  ten  weeks  of  age.  The  growth  of  the  eyeballs  in  rats 
held  constant  from  the  age  of  six  to  thirty-two  weeks,  and  from 
ten  to  thirty-five  weeks,  is  equally  striking. 

No  data  upon  the  growth  of  the  eyeballs  under  these  conditions 
have  been  found  in  the  literature.  I  have  shown  elsewhere 
(Jackson  '15  a,  '15  c),  however,  that  the  eyeballs  lose  but  very 
little  if  any  during  inanition  in  the  adult  albino  rat. 

In  connection  with  the  astonishing  growth  capacity  of  the 
eyeballs  in  young  animals  at  constant  body-weight,  the  possi- 
bility that  the  growth  of  the  eyeballs  is  somewhat  independent 
of  that  in  the  body  as  a  whole  may  be  considered,  which  I  have 
already  pointed  out  (Jackson  '13,  p.  24).  When  the  large  water- 
content  of  the  eyeballs  is  considered  (85.6  per  cent  in  the  rat  at 
twenty  days,  according  to  Lowrey  '13),  it  is,  after  all,  not  diffi- 
cult to  comprehend  the  possibihty  of  its  continued  growth,  largely 
by  water-absorption,  when  growth  in  the  body  as  a  whole  is  at  a 
standstill. 

THYROID  GLAND 

In  young  albino  rats  held  at  constant  body-weight  from  the  age 
of  three  weeks  to  six  weeks,  eight  weeks  and  ten  weeks,  there  is 
usually  a  well-marked  loss  of  weight  in  the  thyroid  gland  (table 
13).  In  the  largest  group,  three  to  ten  weeks,  the  thyroid  has 
apparently  decreased  on  the  average  from  about  0.033  per  cent 
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TABLE  13 

The  thyroid  gland;  average  ahtolule  toeight,  average  percentage  of  net  bods-weight  and 

range  indicated 


!f 

n 

(C^r"- 

"o.ToS;^ 

(iNDBUfOE): 

i^ 

»»n.,l.tS. 

icIuCJacluaii  '13)    .. 

M 

IttT 

oonan 

0  0034-0  DIM 

onw 

O.OlS-O.Otl) 

CnlnLi.t3 

0  0078 

)  OOM-0.0084 

0.033 

]  OM-0.04J) 

Bod)-«i|*t 

23.1 

]oosz-o  oast 

l.OM-O.OW) 

Bodr--««ht 

•>iist>D[Ew«lu(m«eol 

)  00)7-0.006" 

). 026-0  oas) 

B<.d,.«irtt 

WIOw«k.) 

DOOM 

)  0031-0  OOST 

002S 

" 

110.0 

U«l«5 

0  0100-0.030) 

O.Oli 

of  the  body  to  0.025  per  cent.  Or,  in  terms  of  absolute  weight, 
it  has  decreased  from  0.0078  to  0.0059  grams,  a  decrease  of  24 
per  cent.  (A  slight  correction  should  be  made  on  account  of 
difference  in  body-weight.)  No  observations  were  made  upon 
the  thyroid  gland  in  the  experiments  beginning  at  later  ages. 

During  acute  inanition  in  adult  rats,  the  thyroid  gland  appar- 
eotly  loses  little  or  no  weight;  while  in  chronic  inanition  with 
an  average  lose  in  body-weight  of  about  36  per  cent,  the  thyroid 
gland  loses  only  about  22  per  cent  in  weight  (Jackson  '15). 
There  is  some  uncertainty  as  to.  the  exact  figures,  however,  on 
account  of  variability  and  difficulty  in  dissecting  out  the  thyroid 
gland  in  an  accurate  manner.  The  same,  of  course,  holds  true 
for  the  present  series. 

THYMUS 

The  normal  thymus  {table  14)  at  three  weeks  forms  0.37  per 
cent  of  the  net  body-weight.  This  decreases,  in  rats  held  at 
constant  body-weight,  to  0.075  per  cent  at  six  weeks  of  age,  to 
0.030  (exceptional?)  at  eight  weeks,  and  to  0.040  per  cent  at  ten 
weeks.  In  terms  of  absolute  weight,  the  thymus  has  decreased 
from  0.091  grams  at  three  weeks  to  0.017  grams  (loss  of  81  per 
cent)  at  six  weeks,  and  to  0.0094  grams  (loss  of  90  per  cent)  at 
10  weeks.  No  correction  for  the  slight  difference  in  body-weight 
has  been  made  in  these  estimates. 

Normally  at  ten  weeks  of  age  the  weight  of  the  thymus  should 
have  increased  to  about  0.24  grams  (0.30  grams  in  the  controls). 
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A  maximum  absolute  weight  of  about  0.29  grams  is  reached  by 
the  average  normal  thymus  about  the  a^e  of  85  days  (Hatw 
'14).  At  one  year,  it  has  undergone  a  complete  age-involution, 
and  forms  only  0.02  per  cent  of  the  body-weight  (Jackson  '13). 

That  the  weight  and  structure  of  the  thymus  are  markedly 
affected  by  various  adverse  conditions  has  long  been  known,  and 
the  process  of  involution  has  recently  been  thoroughly  investi- 
gated by  Hammar  and  his  pupils.  Jonson  C'09)  experimented 
with  young  rabbits  subjected  to  acute  and  chronic  inanition. 
In  the  latter  case,  the  diet  was  restricted  so  as  to  maintain  the 
young  rabbits  at  constant  body-weight  (similar  to  the  present 
experiment  with  rats).  Under  these  conditions,  Jonson  foimd 
the  weight-curve  of  the  thymus  similar  to  that  of  the  body-fat, 
although  during  acute  inanition  the  fat  decreases  somewhat  more 
rapidly.  In  young  rabbits  held  at  constant  body-weight  the 
thymus  in  four  weeks  is  reduced  to  about  one-thirtieth  of  its 
initial  weight.  The  cortex  suffers  the  greatest  loss,  being  re- 
duced to  one-twelfth  of  its  initial  weight  within  two  weeks  of 
chronic  inanition  at  constant  body-weight.  It  would  therefore 
appear  that  the  process  of  involution  is  much  more  rapid  and 
complete  in  young  rabbits  than  in  young  rats  at  the  ages  included 
in  the  present  investigation.  In  both  cases,  however,  the  weight 
of  the  thymus  in  hunger  involution  decreases  most  rapidly  in 
the  earlier  weeks  of  the  experiment. 


The  heart  (table  15)  in  the  albino  rats  held  at  constant  body- 
weight  from  the  age  of  three  weeks  appears  to  have  remained 
practically  constant  at  about  0.70  per  cent  of  the  net  body-weight 
up  to  the  age  of  ten  weeks.  In  absolute  weight,  the  heart  would 
apparently  decrease  from  0.167  grams  (0.170  grams,  less  cor- 
rection for  difference  in  body-weight)  to  0.166  grams,  a  decrease 
of  about  0.6  per  cent,  which  is  probably  within  the  limits  of 
experimental  error.  The  very  slight  decrease  at  six  weeks  and 
increase  at  eight  weeks  are  also  probably  not  significant.  Simi- 
larly in  the  rats  held  at  constant  body-weight  from  six  to  thirty- 
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two  weeks  and  from  ten  to  thirty-five  weeks  the  heart  has  ap- 
parently retained  almost  exactly  its  initial  relative  weight.  The 
absolute  weight  therefore  apparently  remains  unchanged  {the 
differences  in  the  table  being  due  to  different  initial  body-weights) . 
During  inanition  in  adult  rats  (Jackson  '15  a,  '15  c)  the  heart 
likewise  maintains  its  relative  weight,  losing  in  absolute  weight 
nearly  in  proportion  to  the  entire  body  (slightly  more  in  chronic 
than  in  acute  inanition). 
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The  lungs  (table  16)  in  rats  held  at  constant  body-weight 
from  the  age  of  three  weeks  to  the  ages  of  six  weeks  and  ten  weeks 
appear  to  lose  in  weight.  (The  data  at  eight  weeks  are  abnor- 
mally high,  as  noted  in  the  table) .  Thus  between  the  ages  of 
three  weeks  and  ten  weeks,  the  lungs  apparently  decrease  from 
l.CM:  per  cent  to  0.91  per  cent  of  the  body-weight;  or  in  absolute 
weight  from  0.250  to  0.218  grams,  a  loss  of  about  15  per  cent. 
(A  slight  correction  has  been  made  on  account  of  the  difference 
in  body-weight).  In  the  few  observations  upon  rats  for  longer 
periods  beginning  at  the  later  ages  of  six  and  ten  weeks,  there 
appears  to  be  no  material  change  in  the  weights  of  the  lungs 
during  the  experimental  periods. 

The  lui^  infectious  frequently  found  in  older  and  adult  rats, 
rarely  occur  before  the  age  of  ten  weeks,  and  thus  do  not  affect 
the  present  series.  As  Hatai  has  already  noted,  rats  dtuing 
chronic  inanition  appear  to  be  unusually  free  from  lung  infection, 

Durii^  inanition  in  adult  rats,  the  lungs  lose  weight  in  about 
the  same  proportion  as  the  whole  body,  thus  nearly  maintaining 
their  relative  (percentage)  weight.  The  loss  is  sUghtly  greater, 
however,  during  chronic  inanition  (Jackson  '15  e). 


TABLE  IS 

The  lungs;  average  absolute  weight;  average  percentage  of  n 
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The  liver  (table  17)  in  the  albino  rats  held  at  constant  body- 
weight  from  the  age  of  three  weeks  to  six,  eight  and  ten  weeks 
shows  an  apparent  increase.  This  increase  appears  greatest 
in  the  shortest  series,  three  to  six  weeks,  increasing  from  4.95 
per  cent  of  the  body-weight  (in  controls)  to  5.89  per  cent.  Be- 
tween three  and  ten  weeks  the  corresponding  increase  is  from  an 
absolute  weight  of  1.16  grams  (1.20  grams,  less  correction  for 
difference  in  body-weight;  or  4.95  per  cent  of  the  body-weight) 
to  1.28  grams  (5.25  per  cent  of  the  body-weight),  or  an  increase 
of  about  10.3  per  cent  in  absolute  weight. 

In  the  later  and  longer  periods,  however,  there  appears  to  be 
a  decided  decrease  in  the  weight  of  the  liver  (six  to  thirty-two 
weeks  and  ten  to  thirty-five  weeks  series).  This  may  be  due  to 
the  fact  that  the  latter  experiments  extended  over  a  longer  period 
of  time,  or  it  may  be  because  they  were  begun  at  a  later  age. 
We  may  therefore  conclude  that  in  young  albino  rats  held  at 
constant  body-weight  there  is,  beginning  at  three  weeks,  an 
increase  in  the  weight  of  the  hver  (apparently  greater  at  six  than 
at  ten  weeks  of  age) ;  while  in  rats  beginning  the  experiment  later, 
at  six  and  ten  weeks  of  age  (and  extending  over  a  longer  period) 
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there  is  a  decided  decrease  In  the  weight  of  the  liver.  Thus  the 
liver  would  appear  under  these  conditions  to  have  a  tendency  to 
follow  the  normal  growth-impulse,  which  increases  to  a  maximum 
at  about  the  age  of  six  weeks,  and  decreases  thereafter  {Jackson 
'13,  p.  31). 

Durii^  inanition  in  adult  rats,  the  liver  loses  in  weight  rela- 
tively more  than  the  whole  body,  and  to  a  greater  extent  in  acute 
than  in  chronic  inanition  (Jackson  '15  c).  As  the  hver  is  nor- 
mally subject  to  great  variation  in  weight,  however,  {Jackson  '13) 
great  caution  must  be  observed  in  drawing  final  conclusions. 
Hatai  ('13)  found  the  weight  of  the  normal  liver  distinctly  higher 
than  that  in  my  series,  and  if  his  data  instead  of  my  controls 
were  taken  as  a  basis  for  the  initial  weights,  the  estimated  losses 
in  ray  experiments  would  be  considerably  greater,  even  the 
younger  rats  showing  a  loss  instead  of  a  gain  in  Uver-weight. 


Taking  the  controls  at  three  weeks  as  a  basis  for  com- 
parison, it  appears  that  in  rats  held  at  constant  body-weight 
from  the  age  of  three  weeks  to  six  weeks  the  we^ht  of  the  spleen 
(table  18)  remains  practically  unchanged  (the  average  at  six 


spleen;  average  (^solute  weight,  average  percentage  of  net  bady-u. 
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weeks  being  probably  too  high,  on  account  of  the  inclusion  of  a 
litter  with  abnormally  large  spleens) ;  while  in  the  rats  at  eight 
and  ten  weeks  there  is  a  considerable  decrease.  In  the  case 
of  the  three  to  ten  weeks  series,  the  decrease  would  be  from 
0.091  gram  (0.37  per  cent  of  the  net  body-weight)  to  0.053  gram 
(0.22  per  cent  of  the  body-weight),  or  a  decrease  of  nearly  42 
per  cent  in  absolute  weight.  (No  correction  has  been  made 
for  the  difference  in  body-weight,  which  is  0.5  gram  lower  at 
ten  weeks).  If  the  normal  relative  weight  of  the  spleen  at  three 
weeks  (0.28  per  cent,  Jackson  '13)  be  taken  as  a  basis  of  esti- 
mate, however,  the  loss  would  appear  considerably  less. 

In  the  rats  held  at  constant  body-weight  at  later  and  longer 
periods  (six  to  thirty-two  ■  weeks  and  ten  to  thirty-five  weeks) 
there  appears  to  be  no  appreciable  change  in  the  average  'weight 
of  the  spleen.  It  may  be  concluded  therefore  that  in  young 
rats  held  at  constant  body-weight  beginning  at  the  age  of  three 
weeks  there  is  a  marked  tendency  to  a  reduction  in  the  weight 
of  the  spleen;  while  at  later  (and  longer)  periods  the  spleen  ap- 
pears to  undergo  no  material  change  in  weight.  It  must  be 
remembered,  however,  that  the  spleen  is  normally  one  of  the  most 
variable  organs  in  the  body  (Jackson  '13),  and  final  conclusions 
should  be  correspondingly  guarded. 

In  adult  albino  rats  during  chronic  inanition  the  average  loss 
in  weight  is  nearly  proportional  to  that  of  the  entire  body,  while 
in  acute  inanition  the  loss  appears  very  much  greater  (Jackson 
'15  a,  '15  c). 

STOMACH  AND  INTESTINES 

The  stomach  and  intestines,  including  mesentery  and  pan- 
creas, are  considered  both  with  contents  (table  19  a)  and  empty 
(table  19  b).  Considerii^  first  the  empty  canal,  it  appears  in 
rats  held  at  constant  body-weight  from  the  age  of  three  weeks 
to  increase  from  about  4.8  per  cent  of  the  body-weight  to  8.0 
per  cent  at  six  and  eight  weeks,  decreasLi^  to  6.0  per  cent  at 
ten  weeks.  In  absolute  weight  the  increase  would  be  from  about 
1.13  grams  (1.20  grams  less  correction  on  account  of  difference 
in  body- weight)  at  three  weeks  to  1.45  grams  at  ten  weeks,  an 
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increase -of  about  28  per  cent.  Between  six  and  thirty-two 
weeks  there  is  apparently  but  little  change;  while  from  ten  to 
thirty-five  weeks  there  appears  to  be  a  decrease  in  the  weight  of 
the  alimentary  canal.  The  number  of  observations,  however, 
is  too  small  for  final  conclusion. 

The  most  remarkable  increase  occurs  between  three  and  six 
weeks  of  age,  from  an  absolute  weight  of  1.20  to  1.78  grams,  an 
apparent  increase  of  about  48  per  cent  in  absolute  weight!  (The 
increase  would  be  even  greater  if  allowance  were  made  for  differ- 
ence in  body- weight) .     Thus,  as  in  the  case  of  the  liver  and 


The  stomach  and  inletiines;  average  absolute  weight,  average  pereentase  of  net  6i 
weight  and  range  indicated 
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followii^  the  normal  growth  tendency,  there  appears  to  be  in 
these  retarded  rats  an  early  increase  in  the  weight  of  the  aU- 
mentary  canal,  reaching  a  maximum  at  about  the  age  of  six 
weeks,  after  which  there  is  a  decline  in  weight.  It  may  be  that 
the  early  increase  in  these  organs  is  diminished  later  on  accomit 
of  the  exhaustion  of  the  stored  food-supplies  available  else- 
where in  the  body  at  the  beginning  of  the  experiment.  Individ- 
ual organs  and  tissues  differ  greatly  from  each  other  in  their 
relative  susceptibility  to  attack  and  absorption  at  different  times 
during  the  course  of  inanition. 

The  behavior  of  the  stomach  and  intestines  weighed  with 
contents  (table  19  a)  is  very  similar  to  that  of  the  empty  canal. 
Contrary  to  what  might  be  expected,  during  constant  body- 
weight,  with  a  restricted  food-supply  (water  ad  libitum),  the 
canal  does  not  decrease  in  contents.  On  the  contrary  there  is 
an  increase  in  contents  (watery  or  mucous  in  character)  which 
may  even  exceed  in  relative  weight  the  normal  contents  in  full- 
fed  aminals.  The  maximum  occurred  in  animals  held  at  con- 
stant body-weight  from  the  age  of  three  to  eight  weeks,  when 
the  canal  with  contents  formed  20.2  per  cent  of  the  body-weight! 
In  experiments  beginning  at  later  ages  and  extending  over  longer 
periods  (six  to  thirty-two  weeks  and  ten  to  thirty-five  weeks), 
the  canal  with  contents  appears  to  remain  more  nearly  imiform 
in  weight,  with  some  tendency  to  decrease. 

During  both  acute  and  chronic  inanition  in  adult  albino  rats, 
there  is  a  very  marked  decrease  in  the  weight  of  the  stomach  and 
intestines,  both  with  and  without  contents  (Jackson  '15  a,  '15  c). 

SUPRARENAL  GLANDS 

The  suprarenal  glands  (table  20)  from  the  age  of  about  six 
weeks  must  be  considered  separately  in  the  sexes,  on  account 
of  a  distinct  sexual  difference  in  their  weight,  as  discovered 
independently  by  Hatai  ('13)  and  myself  (Jackson  '13).  In  the 
earlier  ages,  however,  there  is  no  apparent  sexual  difference, 
hence  the  sexes  are  combined. 
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The  suprarenal  glandt;  average  (Asolule  teeight,  average  percentage  of  net  body-tneighl 
and  range  indicated 
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In  the  rats  held  at  constant  body-weight  from  the  age  of  three 
weeks  the  suprarenal  glands  appear  to  increase  slightly  in  weight 
at  six  and  eight  weeks;  and  especially  at  ten  weeks,  where  the 
characteristic  sexual  difference  has  distinctly  appeared.  In 
absolute  weight,  the  suprarenal  glands  have  increased  from 
0.0090  gram  (0.0088  gram,  plus  correction  for  difference  in  body- 
weight;  or  0,037  per  cent  of  the  body-weight)  at  three  weeks  to 
0.0101  gram  (0.042  per  cent  of  the  body-weight)  in  the  male  at 
ten  weeks,  an  increase  of  about  12  per  cent  in  absolute  weight. 
In  the  female,  the  corresponding  increase  is  from  0.0084  gram 
(0.0088  gram,  less  correction  for  difference  in  body-weight) 
(or  0.037  per  cent  of  the  body-weight)  to  0.0117  gram  (0.051  per 
cent  of  the  body-weight),  an  increase  of  39  per  cent  in  absolute 
weight.  Normally  the  suprarenals  during  this  period  are  de- 
creasing in  relative  (percentage)  weight.  In  the  experiments 
at  later  and  longer  periods  (six  to  thirty-two  weeks  and  ten  to 
thirty-five  weeks),  the  changes  are  apparently  not  great,  but  a 
larger  number  of  observations  is  necessary  before  definite  con- 
elusions  can  be  reached. 

In  adult  rats  durii^  inanition  there  is  little  or  no  loss  in  the 
absolute  weight  of  the  suprarenal  glands,  which  therefore  in- 
crease markedly  in  relative  (percentage)  weight  (Jackson  '15  a, 
'15  c). 


The  kidneys  (table  21)  in  rats  hetd  at  constant  body-weight 
from  the  age  of  three  weeks  show  a  tendency  to  increase  which 
is  more  marked  at  six  and  eight  than  at  ten  weeks.  Between 
three  and  ten  weeks  of  age  the  increase  is  from  an  average  of 
0.388  gram  (0.393  gram,  less  correction  on  account  of  differ- 
ence in  body-wei^t;  or  1.62  per  cent  of  the  body-weight)  to 
0.404  gram  (1.69  per  cent  of  the  body-weight),  an  increase  of 
only  about  4.1  per  cent  in  absolute  weight.  At  later  and  longer 
periods  (six  to  thirty-two  weeks  and  ten  to  thirty-five  weeks) 
there  is  apparently  but  little  change  in  the  weight  of  the  kidneys. 
The  slight  differences  shown  in  the  table  are  probably  not 
significant.     On  the  whole,  it  appears  that  in  young  rats  held  at 


,d.y  Google 


146 


C.   M.   JACKSON 


constant  body-weight  there  is  a  slight  tendency  to  increase  in 
the  weight  of  the  kidneys,  in  the  earlier  weeks,  but  little  or  no 
apparent  difference  later. 

In  adult  rats  during  acute  and  chronic  inanition,  the  kidneys 
lose  in  weight  relatively  slightly  less  than  the  body  as  a 
whole,  thereby  gaining  slightly  in  relative  (percentage)  weight 
(Jackson  '15  c). 

TESTES  AND  EPIDIDYMI 

The  weights  of  testes  and  epididymi  unfortunately  were  not 
separated  in  some  cases,  which  (together  with  their  variabihty 
and  the  small  number  of  observations)  makes  conclusions  some- 
what difficult.  For  the  testis  (table  22  a),  the  clearest  case  is 
in  rats  held  constant  from  three  to  ten  weeks  of  age,  in  which 
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there  is  an  increase  from  0.144  gram  (0.57  per  cent  of  the  body- 
weight)  to  0.193  gram  (0.74  per  cent  of  the  body),  an  apparent 
increase  of  34  per  cent  in  the  absolute  weight.  (The  average 
net  body-weight  was  about  the  same  in  both  cases,  25.0  grams  in 
the  controb,  and  25.2  grams  at  ten  weeks). 

For  the  epididymi  (table  22  b),  the  conclusions  are  even  more 
uncertain;  but  there  appears  to  be  a  shght  loss  in  the  relative 
we^jht  of  the  epididymi  in  rats  held  at  constant  body-weight  from 
the  age  of  three  to  six  and  ten  weeks. 

For  testis  and  epididymis  combined  (table  22  a)  there  appears 
to  be  an  increase  in  rats  held  at  constant  body-weight,  excepting 
the  period  from  six  to  thirty-two  weeks. 

While  no  final  conclusions  can  be  drawn,  the  evidence  indi- 
cates that  in  young  rats  held  at  constant  body-weight  there  is 
an  increase  in  the  weight  of  the  testis,  but  not  in  the  epididymis. 

During  inanition  in  adult  rats,  the  testes  and  epididymi  ap- 
parently lose  weight  in  about  the  same  proportion  as  the  entire 
body  (Jackson  '15  c). 

OVARIES 

In  rats  held  at  constant  body-weight  from  three  weeks  to  ten 
weeks  of  age,  there  would  appear  to  be  a  decrease  in  the  weight 
of  the  ovaries  (table  23)  from  0.0066  gram  (0.0068  gram,  less 
correction  for  difference  in  body-weight;  or  0.027  per  cent  of  the 
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body-weight)  to  0.0048  gram  (0.021  per  centof  thebody-wei^t). 
This  would  indicate  a  decrease  of  about  27  per  cent  in  absolute 
weight.  The  ovary,  however,  is  an  organ  which  (like  the  thyroid 
gland)  is  quite  variable  and  somewhat  difficult  to  dissect  out  with 
accuracy,  so  a  much  larger  number  of  observations  would  be 
required  for  a  final  conclusion. 

HYPOPHYSIS 

In  the  hypophysis  (table  24)  there  is  normidly  a  sexual  differ- 
ence in  weight,  observable  in  rats  above  50  grams  in  body-weight 
(Hatai  '13).  As  in  the  case  of  the  suprarenal  glands,  the  hypo- 
physis normally  becomes  relatively  heavier  in  the  female. 

In  the  rats  held  at  constant  body-we^ht  from  the  age  of  three 
weeks  to  six  weeks,  there  is  what  appears  to  be  a  sexual  differ- 
ence, the  one  male  with  a  hypophy^  of  0,0016  gram  (0,0068 
per  cent  of  the  body-weight),  while  the  two  female  hypophyses 
each  weigh  0.0018  gram  (0.0079  per  cent  of  the  body-weight). 
These  are  probably  mere  accidental  variations,  however,  as  in 
the  three  to  ten  weeks  series  the  difference  in  the  relative  weight 
is  insignificant  (0.0084  per  cent  of  the  body-weight  in  the  males, 
and  0.0086  per  cent  in  the  females).     In  any  event,  however, 
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there  appears  to  be  a  distinct  tendency  to  an  increase  in  the 
weight  of  the  hypophysis  in  rats  held  at  constant  weight  from 
three  to  ten  weeks  of  age.  In  absolute  weight,  this  corresponds 
in  the  male  to  an  increase  from  0.00178  gram  to  0.0021  gram, 
an  increase  of  about  18  per  cent.  In  the  female,  the  corre- 
sponding increase  is  from  0.00168  gram  {0.00178  gram,  less  cor- 
rection for  difference  in  body-weight)  to  0.0020  gram,  an  increase 
of  19  per  cent. 

As  already  shown,  the  suprarenal  glands  differ  from  the  hy- 
pophysis in  that  they  undergo  a  marked  sexual  differentation  in 
weight  during  their  growth  while  the  body-weight  is  held  con- 
stant. The  impulse  to  sexual  differentiation  in  these  glands 
therefore  appears  stronger  in  the  suprarenals  than  in  the  hy- 
pophysis. Final  conclusions  should  be  guarded,  however,  until 
a  larger  number  of  observations  is  available. 

In  the  adult  rat  during  inanition  the  weight  of  the  hypophysis 
decreases  in  nearly  the  same  proportion  as  the  body-weight 
(Jackson  '15  c). 

DISCUSSION 

With  reference  to  their  growth  tendency  in  young  rats  held 
at  constant  body-weight,  the  organs  may  be  divided  into  three 
classes:  (1)  those  in  which  the  growth  tendency  is  so  strong  that 
they  continue  to  increase,  even  when  the  body-weight  is  held 
constant;  (2)  those  which  approximately  hold  their  weight  con- 
stant under  these  conditions;  and  (3)  those  which  are  unable 
to  maintain  themselves  and  lose  in  weight. 

According  to  this  scheme,  the  organs  in  rats  held  at  constant 
body-weight  from  the  age  of  three  to  that  of  ten  weeks  are 
grouped  in  table  25.  No  grouping  of  this  sort  can  be  entirely 
satisfactory,  because  in  some  cases  organs  are  intermediate  in 
position,  and  especially  because  (as  has  been  shown)  in  many 
cases  the  weight  of  an  organ  will  vary  according  to  the  age  at 
which  the  experiment  was  begun  and  the  length  of  the  period. 
For  example,  the  liver,  which  in  the  three-to-ten  weeks  experi- 
ment shows  but  a  slight  gain,  shows  a  larger  gain  at  earlier  times, 
and  a  loss  at  later  and  longer  periods. 
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On  the  whole,  however,  the  grouping  suffices  to  give  a  good 
view  of  the  results.  Group  I  shows  the  organs  with  marked 
growth  tendency  to  be  the  skeleton,  eyeballs,  spinal  cord,'  ali- 
mentary canal,  testes,  hypophysis  and  suprarenal  glands.  Group 
II,  which  approximately  maintains  constant  weight,  includes  the 
musculature,  brain,  heart,  kidneys  and  liver.  Group  III,  those 
which  fail  to  maintain  their  weight  when  the  body-weight  is  held 
constant,  includes  the  integument,  lungs,  thyroid  gland,  ovaries, 
spleen  and  thymus. 

In  the  same  table  25  for  convenience  of  comparison  are  also 
grouped  the  various  organs  of  the  adult  rat  according  to  their 
relative  loss  in  weight  during  chronic  inanition  {Jackson  '15  c). 
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This  enables  us  to  answer  the  question  as  to  whether  the  organs 
in  youi^  animals  held  at  constant  body-wei^t  (and  thus  sub- 
jected to  a  chronic  inanition)  behave  in  a  manner  similar  to 
adult  rats  durii^  chronic  inanition.  In  many  cases,  the  group- 
ing shows  an  agreement.  The  skeleton,  eyeballs,  spinal  cord  and 
suprarenal  glands  have  a  strong  growth  tendency  in  young  held 
at  constant  body-weight,  and  also  a  stroi^  tendency  to  main- 
tain their  original  weight  in  adults  subjected  to  chronic  inani- 
tion. The  musculature,  heart  and  kidneys  approximately  main- 
tain their  weight  in  youi^  held  constant,  and  maintain  their 
relaiive  weight  in  adidts  durii^  chronic  inanition.  In  the  major- 
ity of  cases,  however,  the  behavior  of  organs  in  the  young  differs 
materially  from  that  in  the  adult.  Thus  the  alimentary  canal 
has  a  marked  growth  in  the  young  at  constant  weight,  yet  it 
loses  heavily  during  adult  inanition.  The  converse  is  apparently 
true  of  the  thyroid  gland.  To  a  greater  or  less  degree,  this 
inconsistency  is  seen  in  the  case  of  most  of  the  oi^ans,  as  is 
evident  from  table  25. 

This  inconsistency  is  perhaps  to  be  explained  in  the  following 
manner.  In  the  adult  during  inanition  the  various  oi^ans  lose 
weight  relatively  in  inverse  ratio  to  the  ability  of  their  cells  to 
extract  nutrition  from  the  diminishing  quantity  available  in  the 
surrounding  medium  and  to  maintain  equilibrium  under  these 
adverse  conditions.  In  the  young  animal  held  at  constant  body- 
we^ht,  the  conditions  differ  in  that  the  corresponding  cells  have 
the  capacity  not  only  to  maintain  themselves,  but  to  grow.  The 
growth  capacity,  as  is  well  known,  is  different  from  and  to  some 
extent  independent  of  the  maintenance  capacity.  The  adult 
has  lost  the  capacity  to  grow,  whereas  the  youi^  animal  has 
both  the  powers  of  growth  and  maintenance.  Hence  their  oi^ans 
behave  differently  during  inanition.  The  alimentary  canal,  for 
example,  apparently  has  a  strong  growth  tendency,  but  a  weak 
power  of  maintenance. 

It  is  further  evident,  however,  that  even  the  growth  capacities 
of  the  various  tissues  and  organs  differ  relatively  from  each  other 
under  different  planes  of  nutrition.  Thus  under  normal  con- 
ditions of  growth  in  the  rat  between  three  and  ten  weeks  of  age 
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the  muscular  system  shows  the  strongest  growth  capacity,  and 
increases  with  greater  relative  rapidity  than  any  other  system 
(Jackson  and  Lowrey).  The  skeleton  is  of  course  growing  stead- 
ily, but  at  a  much  slower  rate,  so  that  it  is  decreasing  in  relative 
(percentage)  weight.  Under  the  adverse  nutritive  conditions 
in  young  animals  when  the  body-weight  is  held  constant,  how- 
ever, the  musculature  is  barely  able  to  maintain  its  weight, 
while  the  skeleton  is  able  to  absorb  more  than  its  share  of  the 
available  nutrition,  and  to  grow  steadily  (though  at  a  retarded 
rate).  There  are  similar  differenpes  among  many  of  the  indi- 
vidual organs,  though  in  some  cases  (e.g.,  liver,  alimentary  canal) 
there  is  a  certain  degree  of  parallelism  between  the  normal  growth 
tendency  and  the  behavior  when  the  body-weight  is  held  con- 
stant at  corresponding  periods. 

That  also  the  power  of  maintenance  may  vary  in  organs 
according  to  the  nutritional  conditions  is  shown  by  the  char- 
acteristic differences  in  the  losses  of  organ-weight  in  chronic 
inanition  as  compared  with  acute  inanition  in  adults  (Jackson 
'15  a, '15  c). 

Finally,  it  should  be  remembered  that  the  results  of  the 
present  paper,  as  well  as  those  concerning  adult  chronic  inanition 
in  a  previous  paper  (Jackson  '15  c),  are  based  upon  the  use  of  a 
diet  wholesome  and  balanced,  but  insuiEcient  in  quantity.  It 
is  probable  that  more  or  less  different  results  would  follow 
from  other  forms  of  inanition,  such  as  'partial  inanition'  from  a 
chemically  defective  or  highly  unbalanced  diet.  For  example, 
Hatai  ('15)  finds  a  pronounced  atrophy  of  the  testis  and  other 
characteristic  changes  in  albino  rats  whose  growth  had  been 
retarded  by  a  iipoid-free'  ration.  Bowin  ('80),  however,  in 
dogs  and  rabbits  fed  dry  food,  only  (no  water)  found,  with  a 
loss  of  about  50  per  cent  in  body-weight,  the  losses  in  organ- 
weight  similar  to  those  .following  total  hunger. 
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SUMMARY 

The  principal  results  of  the  present  paper  may  be  summarized 
briefly  as  follows : 

Young  albino  rats  may  be  held  at  constant  body-weight  for 
considerable  periods  by  underfeeding.  The  amount  of  food 
required  for  this  purpose  decreases  as  the  experiment  proceeds. 

As  to  fne  body-proportions,  the  relative  weights  of  the  head, 
trunk  and  extremities  remain  practically  unchanged  during  the 
experiment.  There  is  apparently  a  sUght  increase  in  the  head, 
counterbalanced  by  a  corresponding  decrease  in  the  trunk  and 
extremities,  but  the  change  is  so  shght  as  to  seem  of  doubtful 
significance. 

Of  the  systems — integument,  skeleton,  musculature,  viscera 
and  'remainder' — there  is  but  little  change  in  the  weights  of  the 
musculature,  visceral  group  (as  a  whole)  and  'remainder.'  There 
is,  however,  a  marked  decrease  in  the  weight  of  the  integument, 
counterbalanced  by  a  marked  increase  in  the  skeleton.  Thus  on 
the  low  plane  of  nutrition  in  the  young  body  maintained  at  con- 
stant weight,  the  growth  capacity  appears  weakest  in  the  skin 
and  strongest  in  the  skeletal  system.  This  is  in  striking  contrast 
with  the  normal  growth  process  of  corresponding  ages,  during 
which  the  musculature  increases  with  relatively  great  rapidity 
and  the  skeleton  lags  behind  relatively. 

The  increase  in  the  skeleton  during  constant  body-weight 
appears  to  involve  the  ligaments  as  well  as  the  cartilages  and 
bones.  The  skeletal  growth  tends  to  proceed  along  the  lines  of 
normal  development,  as  indicated  by  decrease  in  the  water- 
content,  and  by  formation  and  union  of  various  epiphyses. 
Another  evidence  of  the  tendency  to  normal  development  of  the 
skeleton  is  seen  in  the  increased  relative  length  of  the  tail  as 
compared  with  the  body-length.  The  teeth  also  continue  to 
develop  normally  (formation  and  eruption  of  the  third  molars), 

The  individual  viscera  may  be  classified  in  three  groups: 

(1)  There  is  during  the  maintenance  of  constant  body-weight 
in  young  rats  a  well-marked  increase  in  the  weights  of  the  eye- 
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balls,  spinal  cord,  alimentary  canal  (both  empty  and  including 
contents),  testes,  hypophysis  and  suprarenal  glands.  The 
auprarenals  undergo  sexual  differentiation  in  weight  (as  occurs 
normally),  but  the  hypophysis  apparently  does  not, 

(2)  There  is  no  marked  change  in  the  weights  of  the  brain, 
heart,  kidneys  and  epididymi.  The  liver  is  variable,  showing  a 
definite  increase  in  the  earlier  periods,  but  a  decrease  l^r.  The 
lui^s  show  a  shght  decrease  in  the  early  periods,  but  not  in 
later. 

(3)  There  is  a  well-marked  decrease  in  the  weights  of  the 
thymus  ('hunger  involution'),  spleen,  thyroid  gland  and  ovaries. 

When  the  organs  are  similarly  grouped  according  to  degree  of 
loss  during  chronic  inanition  in  the  adult  (slight  loss,  loss  pro- 
portional to  body,  and  loss  greater  than  body),  many  differences 
are  found  on  comparison  with  the  corresponding  groups  in  the 
young  during  constant  body-weight.  This  is  explained  as  due  to 
to  the  presence  of  both  the  growth  tendency  and  the  (more  or 
less  different)  maintenance  tendency  in  the  young  animals, 
whereas  in  the  adult  there  is  only  the  tendency  to  maintenance. 
Both  the  growth  tendency  and  the  maintenance  tendency, 
however,  show  characteristic  differences  in  the  various  organs 
■  according  to  nutritional  conditions  (normal  nutrition,  acute  or 
chronic  inanition). 
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OBSTACLES  TO  SSSBASCHJ^ 
Thb  diit7  of  the  muTenity  to  inrertigite 
tbe  unkaovm  as  veil  u  to  teach  the  knows  is 
olearly  erideat  la  tbe  performance  of  tiiii 
dn^,  the  importuuw  of  nsearoh  work  is  em- 
phae.ised  in  many  ways.  IVanise  of  prodno- 
tive  Bcholonhlp  is  e  leading  gnalifioation  d^ 
m&itded  in  aelecting  memben  of  the  faonlt?. 
Enoonragement  and  faoilities  for  original 
work  are  freel;  provided.  And  yet  we  mart 
ooufeea  that  the  ontoomc^  broadly  speaking, 
18  somewhat  disappointing,  both  hne  and  in 
other  oniTereities.  It  ia  tme  tfiat  Ihe  nenHi 
in  some  departmentB  *"d  in  many  indlndual 
caeea  are  satiafactory.  On  the  whole,  nerc^ 
thdees,  coneidaring  onr  great  opportonitiai, 
we  Beam  to  add  relatirely  little  to  the  anm 
total  of  hmnan  knowledga  Whyl  A  leoog- 
nition  of  the  obataclea  to  reaearoh  might  en< 
able  US  in  aome  meaaure  to  overcome  them. 
At  any  rate,  the  problem  ia  worthy  of  our 
earrteet  and  oarefnl  consideration. 

Let  US  consider  the  problem  from  tlie  bio- 
logical point  of  view.  The  aocompliahment  of 
every  human  being  (as  of  all  living  thinga)  is 
the  resultant  of  two  factors :  heredity  and 
enviromnent.  In  research  work,  as  in  all 
other  linee  of  activity,  the  litnila  of  poeaiUe 
achievement  for  each  individoal  depend  upon 
his  innate  talent,  established  through  hereditr. 
Within  these  limits,  however,  the  realUation 
of  poesibilitiee  is  conditioned  by  the  enviroi^ 
ment  We  must  therefore  distinguish  oleariy 
between  (possible)  capability  or  capacity  and 
(actnal)  accomplishment  in  the  Sdi  fd  Mri(^ 
inal  investigation. 

lAn  addrMa  delivered  before  the  Hinuerata 
Ch^'tai'  of  tlie  Sigma  Zi  Society,  October  21,  I&IS. 
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Th.e  first  and  most  important  obstacle  in  re- 
search work  is  accordisglr  the  limitation  of 
capacitT,  whicli  is  determined  1^  hareditr- 
Since  it  ia  now  too  late  to  quarrel  witli  ooz 
ancestors  concerning  the  matter,  as  individ- 
uak  we  ma;  as  well  reoo^nize  this  aa  an  in- 
surmonntable  obstacle.  From  the  broad  mi- 
Tfflvit?  point  of  view,  this  fundamental  ob- 
stacle may  be  partially  remored  by  peat  care 
in  the  selection  of  faculty  members.  G«- 
iiiuses  are  scarce  however,  and  competition  icx 
them  very  strontr;  so  it  is  inevitable  that  ena 
in  the  strongest  universities  the  faculties  must 
be  made  up  of  men  wiUi  varying  degrees  of 
innate  talent. 

But  while  our  heredity  is  beyond  our  con- 
trol, our  environment  is  not.  At  least  we  oan 
modify  the  environment  to  a  considersUe 
extent.  And  this  is  a  fact  of  tremendous 
practical  importance.  After  sD.  environmeot 
does  play  an  important  part  in  determining 
both  the  quantity  and  the  quali^  of  our  per- 
formance in  all  lines,  induding  research  W(»L 
If  the  environment  is  sufficiently  unfavoraUe^ 
even  the  highest  genius  is  sterile.  Of  two  men 
with  equal  native  abili^,  one  with  better  oppor- 
tunity may  be  far  more  richly  productive  than 
the  other.  It  is  a  case  of  seed  and  soil  The 
result  is  determined  by  hsredi^  plus  environ- 
ment; or  perhaps  better,  heredity  fimea  envi- 


Q^uses  are  sometimes  able  to  aooomi^Bli 
a  great  deal,  even  in  a  relatively  nnf  avorabis 
environment;  but  fortunately  research  work  is 
not  a  province  reserved  exclusively  for  genius. 
It  is  encooraging  to  most  of  ns  to  remember 
that  the  army  of  investigation  requires  private 
stddiere,  as  well  as  officers  of  various  grades. 
Even  moderate  capaci^  does  not  preclude  f«- 
search  work  of  real  value.  As  expressed  by 
John  Hunter: 

A  man  with  a  ■nffldent  fond  of  taowlsdge,  and 
a  eloM  applieadon  to  one  art  oi  Kienes,  will  make 
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great  improvemeDta  in  it  thoncli  bii  talents  mtf 
not  be  the  best;  or,  in  other  words,  though  he  ba 
not  »  great  genius. 

Conquering  the  nnbiown  in  the  field  o/ 
knowledge  is  eomewbat  like  civilization  in- 
vading a  new  territory.  A  few  bold  and 
talented  explorers  ma;  lead  the  way  and  blaze 
out  new  paths  in  the  wildemeea;  bat  their  ex- 
cureioQS  would  be  fruitlese  nnlesa  followed  vp 
by  pioneer  settlers,  who  by  ardnons  labor 
develop  the  country  and  render  its  reeonrees 
available  for  mankind.  Moreover,  even  the 
exploier  is  in  many  ways  largdy  dependent 
upon  the  knowledge  and  equipment  fnmiahed 
by  otliETB,  his  predeoeesors  and  his  siqtporterB. 

Likewise,  in  the  exploration  of  the  field  of 
knowledge,  there  is  wotk  for  all.  The  histoir 
of  scienoe  abundantly  proves  that  brilliant 
discoveries  and  important  generalizationa 
usually  rest  upon  a  long  series  of  accurate  ob- 
servations, requiring  care  and  patieno^  but 
not  great  genius.  A  claseical  example  is  that 
of  Kepler's  laws  of  planetary  motion,  founded 
upon  the  extensive  astronomieal  observationa 
by  Tycho  Brahe.  In  biology,  to  substantiate 
and  support  the  cell-doctrine  of  Schleiden  and 
Schwann,  and  the  doctrine  of  organic  evolu- 
tion of  Darwin,  has  required  an  immenso 
amount  of  patient  labor  by  a  miiltitude  of 
observers  during  the  past  century.  Other  ex- 
amples could  easily  be  cited  in  various  fields. 
The  plodders  as  well  as  the  geniuses  shooM 
receive  their  due  share  of  credit  for  the  prog- 
ress of  science. 

The  production  of  research  work  of  merit  is 
thus  within  the  capabilities  of  every  one 
worthy  of  membership  in  a  universil?  faculty. 
Doubtless  some  who  are  talented  predomi- 
nantly as  teachers  should  devote  themselvea 
chiefiy  to  this  field,  and  others  are  eepedaOy 
fitted  for  administrative  work ;  but  it  is  desir- 
able that  every  one  should  participate  to  at 
least  a  slight  extent  in  research  work.     As  a 
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matter  of  fact,  m  may  go  atiU  fnrthflr  In 
otging  that  the  Bpirii  of  soientifio  nMucb 
should  pervftde  aU  edocntioQ,  from  tiie  kinder- 
garten to  the  tmiveni^.  ManJdnd  in  genenl 
is  stUl  far  from  appnciating  the  fact  that  the 
method  of  Botenoe  is  not  a  mTBterioos  gift  of 
genius,  but  a  praotioal  tool  in  the  discorerr  of 
facts  and  in  theix  application  to  the  problems 
of  ererydar  life.  As  Professor  Bamson  so 
aptly  expressed  it  in  bis  address  at  the  dedioa- 
tion  of  the  chemistry  bnilding:  of  the  Uninc- 
si^  of  Minnesota  last  year,  Uu  xdentiflo 
method  is  easantially  Hiia:  "First  study  the 
facts;  then  draw  yoor  condtusiona  from  tham." 

From  thifi  point  of  view,  all  our  problems 
thus  become  research  problems ;  and  ednoation 
is  able  to  teach  us  how  to  solve  tliem  effloentlr 
in  proportion  to  die  extent  to  which  training 
is  pro¥ided  in  Hie  methods  of  original  inves- 
tigation. Thus  aU  ednoation  shonid  proride 
training  in  aoientifle  researeh,  differing  in 
degree  rattier  than  in  principle  as  we  pass  from 
dementary  to  higher  education.  Presidffiit 
Hill  (in  a  recent  oonuneooement  address  at 
the  UniTersity  of  Hinneaota)  bos  well  said 
that  "  The  teacher  ahonld  arouse  Hie  spirit  of 
discovery  as  the  first  step  in  the  prooeas  of 
teaming."  A  more  general  recognition  of  the 
significance  of  soientifio  research  for  ednoa- 
tion, a  correction  of  the  prevalent  error  tiiat 
research  is  a  matter  concerning  only  a  diosan 
few,  would  remove  an  obstacle  which  prevents 
a  more  generous  support  of  higher  soisntiflc 
investigation. 

While  an  instruction  should  be  permeated 
with  the  reeeardi  spirit  a  conscious  effort 
should  be  made,  especially  in  the  univerai^, 
to  single  ont  as  early  as  possible  Hiose  studeoDts 
showing  unusual  talent  for  original  worl^  and 
to  give  them  particular  aid  and  enoo 
We  must  constantly  emphasize  the  i 
for  recognition  of  unusual  talent,  since  ottuir- 
wise  our  entire  time  and  enei^Qr  will  tend  to 
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be  ezhatuted  in  caring  for  tiie  larger  nninlM' 
mproeeatine  mediocritr.  This  snbjeet  is  well 
disouned  in  a  recent  report  of  Hm  suboom- 
mittee  on  &s  selection  and  training  ot  sta- 
denta  for  research  (Oommittee  of  One  Hun- 
dred of  the  American  Association  iox  Hie  Ad' 
Tanoenient  of  8cienoe}|  published  in  Somraa, 
September  17,  191S. 

It  is,  howerer,  not  m;  present  purpose  to 
consider  tlie  message  of  science  for  education 
in  general,  but  rather  to  discuss  Uie  specific 
obstacles  met  b;  uniTersit;  workers  in  the 
field  of  original  iaTcatigation.  Since  we  can 
not  ohange  onr  heredit;,  possibilities  for  im- 
prorement  must  be  found  in  the  enyironment. 
What  factors  in  our  enTironment  affect  our 
scientific  produGtitdty  t 

We  might  classify  the  environmeatal  factcoa 
afifeoting  onr  research  work  in  two  groups: 
mental  and  pliTsicaL  In  the  first  rank,  I 
would  place  the  factors  determining  our  mental 
attitude  toward  research.  I  suspect  that  in- 
vestigation lags  more  freqoently  from  lack  of 
sustained  interest  iJian  from  any  other  cause. 
It  is  doubtless  true  that  one  is  usually  most 
interested  in  what  one  can  do  especially  weQ. 
And  research  abQity,  as  we  hare  already  noted, 
is  largel)  a  hereditary  matter.  STeTertheUos, 
our  mental  attitude  is  unquestionably  infln- 
enced  in  large  measure  by  Hie  opinion  of  our 
colleagues.  Ai^redation  by  one^s  fallows  is 
a  most  powerful  stimulus.  Thus  a  gencEal 
recognition  of  good  research  work  will  greatly 
encourage  the  worker  to  persist  in  spite  of  all 
obstacles.  If  Sigma  Xi  can  succeed  in  estab- 
lishing a  more  enthnsiastia  espW  ds  eorps 
among  inrestigators,  it  will  greatly  hdp  Hm 
cause  of  scientific  research. 

The  idiysical  factors  affecting  research  woric 
are  also  of  importance.  The  obstacles  under 
this  group  include  lack  of  material  facilities, 
lack  of  time  and  lack  of  organization.  Each 
of  Hkese  msy  be  briefiy  considered  in  torn. 
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The  material  faoilitiee  neceasftr;  for  n- 
searcfa  !ncluiie  laboratoriee  And  equipment  of 
various  Hnds,  sapplies,  instnimeiita,  technical 
aaeistaota,  books,  etc.  It  is  customary  to  cite 
lack  of  adequate  facilities  of  this  kind  to  ex- 
plain Bhorteomings  in  scientific  productivi^. 
And  there  is  no  donbt  that  more  generous  pro- 
vision  for  these  things  woold  greatly  fadlitato 
man;  lines  of  research  work.  Bat,  eeneraHy 
speaking,  I  believe  that  this  factor  is  some- 
what OTerrated.  The  man  who  does  nothing 
because  facilities  are  inadequate  would  usually 
accomplish  but  little  even  wit^  unlimited  re- 
sources. On  the  other  hand,  the  man  whose 
heart  is  in  his  research  work  will  rarely  fail 
to  secure  adequate  support,  if  he  perseveres 
and  demonstrates  his  interest  and  capability. 

Inadequate  support  of  reeearch  work  is 
sometimes  ascribed  to  lack  of  appreciation  on 
the  part  of  university  admimstratiTe  officers, 
who  control  the -purse-strings.  This  is  usually 
an  unjust  accusation.  TJniTersity  officers  as 
a  rule  are  keenly  anzions  to  encourage  and 
support  research  work,  but  they  in  turn  are 
always  more  or  less  hampered  by  financial 
limitations.  With  the  preeent  evidently  in- 
creasing popular  interest  in  and  appreciation 
of  scientific,  work,  however,  we  may  oonfid^itly 
expect  in  the  future  more  generous  provision 
of  funds  available  for  this  purpose.  Even  Hie 
"  man  in  the  street "  can  see  how  Germany  has 
increased  her  effici^icy  by  systematic  encour- 
agement of  scientific  reeearch.  America  is 
likewise  banning  to  realize  that  this  is  not 
a  luxury  but  a  necessity,  for  which  g'raierous 
support  must  be  provided. 

Even  more  than  lack  of  facilities,  lack  of 
time  is  an  obstacle  very  frequently  encountered 
by  university  research  workers.  Uany  uni- 
versity men  are  carrying  a  burden  of  routine 
teaching  which,  if  well  done,  must  greatly  en- 
croach upon  the  time  absolutely  essential  for 
serious  research  work.    In  many  oases,  a  con- 
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sideral)le  amomit  of  routine  ftdminiBtofttiTS 
duties,  committee  work,  etc,  is  added.  Under 
Uieee  conditioua,  which  shall  be  aegleoted— 
teaching,  admimHtratiTe  work,  or  roMaroht 
Or  fihould  one  risk  the  danger  of  overwork  by 
ttTing  to  keep  up  with  all!  Surely  this  is  a 
question  hard  to  answer.  The  proper  eolation 
is  of  course  to  provide  a  snfEicient  staff  to 
handle  the  routine  teaching  and  adminis&a- 
tioo,  and  at  the  same  time  leave  adequate  time 
free  for  research.  In  a  rapidly  growing  mi- 
veisity,  however,  it  is  difficult  to  make  this 
provision.  But  conditions  are  improving  in 
this  respect,  and  comparatively  few  men  are  so 
overburdeaed  witii  routine  work  as  to  pre- 
clude a  reasonable  amount  of  time  for  re- 
search. 

Lack  of  time  for  reeearoh  work  is  often  doe 
not  BO  much  to  the  actual  amount  of  other 
work  as  to  waste  of  time.  By  carefully  plan- 
ning  our  universi^  work,  much  time  could  be 
saved.  There  is  too  much  "  scattarment.'*  All 
too  frequently  we  allow  minor  routine  duties 
to  break  in  at  all  times.  These  minor  details 
should  be  concentrated  so  far  as  possible  at 
certain  designated  periods,  so  as  to  leave  un- 
interrupted consecutive  time  free  for  research. 
A  set  of  ofBce-hours  established  and  rigidly 
kc^  will  gain  a  surprisingly  large  amount  of 
time  otherwise  frittered  away.  Thus  one  seri- 
ous obstacle  to  research  may  be  readily  re- 
moved. 

Finally,  I  believe  that  another  obstacle  of 
importance  in  many  cases  is  the  lack  of  a 
proper  organization  of  the  research  work  itself. 
For  the  beet  results,  carefnl,  systematic  plan- 
ning is  necessary.  Too  often  investigation  is 
taken  up  in  a  haphazard  sort  of  way,  which  is 
likely  to  result  in  failure.  While  no  role  oan 
be  made  which  will  apply  te  all  cases,  it  is 
certainly  true  that  the  topic  to  be  inveeti- 
(Tstad  should  be  carefully  considered  before 
the    work    is    undertaken.      The    literatoze 
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should  be  scaimed  Bofficieiitly  to  make  sora  that 
the  cODteonplated  imiblem  hoa  not  already  been 
solved,  utd  to  render  arailable  the  ezperienos 
of  others  in  Bimilu  fields.  Work  should  not 
be  tmdertaken  until  the  neoeesarjr  faoUitiea 
are  assured  to  carr;  it  through.  In  general,  a 
broad  fundamental  problem  of  which  suoceas- 
ire  phases  may  he  worked  out  through  a  seriea 
of  years  will  prove  more  profitable  than  a  aum- 
bcr  of  shorter,  unrelated  subjects  of  investi- 
gation. Wherqver  possible,  cooperation  with 
one's  students  or  colleagues  in  research  will 
usually  yield  better  results,  from  the  stand- 
point of  eeonomy  in  time  and  oost,  than  will 
individual  efibrta.  Soch  matters  may  seem 
self-evident  to  some  and  trivial  to  others ;  but 
I  feel  sure  that  in  many  cases  more  attention 
to  them  would  be  well  worth  while.  In  short, 
system  is  as  necessary  for  efficiency  in  reeearob 
as  in  any  other  kind  of  work. 

In  conclusion,  the  main  points  may  be  em- 
phasised as  follows:  Obstacles  to  achievement 
in  research  are  due  partly  to  inherent  or  hered- 
itary limits  of  capacity,  and  partly  to  environ- 
mental factors.  The  latter,  which  are  to  eome 
extent  within  oar  control,  include  faoton 
determining  the  mental  attitude,  which  is  of 
primary  importance.  The  remaining  facton 
include  tiie  material  facilities,  increased  sup- 
port for  which  d^>endB  chiefiy  upon  better  ap- 
preciation by  the  public  of  the  value  of  scien- 
tific work.  Iiack  of  time  is  often  another  im- 
portant obstacle,  which  in  part  may  be  over- 
come by  a  more  economic  arrangrement  of 
routine  duties.  Finally  an  obstacle  in  many 
oases  is  the  lack  in  the  research  work  itself  of 
systematic  planning  and  organization,  which 
is  necessary  for  the  highest  efficiency. 

0.  M.  JlOSSOIT 

IMBTITCTZ  OF  AKATOXT, 

U1IIVXBSIT7  or  HiKNXSOTA, 
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THE  NERVUS  TERMINALIS  IN  MAN  AND  MAMMALS' 
J.  B.  JOHNSTON 

Department  of  Anatomy,  Vnivertily  of  Minnetola 

NINE  nOUBES 

It  is  over  nineteen  years  since  Pinkus  ('94)  first  called  attention 
to  a  'new  nerve'  attached  to  the  telencephalon  of  Protoptenis, 
and  thirty-five  years  since  the  first  record  of  this  nerve  having 
been  seen  in  a  shark  (Fritsch  '78).  The  forms  in  which  this 
nerve  has  now  been  recorded  and  its  chief  characters  have  been 
briefly  summarized  in  the  writer's  previous  communication  ('13). 
In  that  paper  the  existence  of  a  true  nervus  terminalis  in  human 
taxd  certain  mammalian  embryos  was  clearly  established.  At  the 
same  time  McCotter  ('13)  pointed  out  the  existence  of  the  nerve 
in  the  adult  cat  and  dog.  Huber  and  Guild  ('13)  have  since 
studied  the  peripheral  relations  of  the  nerve  in  the  rabbit  in 
late  foetal  stages  and  during  the  first  six  days  after  birth. 

The  purpose  of  the  present  note  is  to  call  attention  to  the 
presence  of  the  nervus  terminalis  in  certain  other  adult  mammals 
in  the  hope  that  a  larger  number  of  workers  may  undertake  the 
study  of  its  central  and  peripheral  relations.  At  the  present . 
time  it  is  clear  that  at  least  a  part  of  the  nerve  is  distributed  to 
the  mucosa  of  the  nasal  sac  and  in  mammals  accompanies  the 
vomero-nasal  nerve.  A  part  of  the  nerve,  however,  in  mammals 
clearly  goes  beyond  the  limits  of  the  vomero-nasal  organ.  In  the 
rabbit  it  spreads  over  a  rather  wide  area  of  the  nasal  septimi  (Hu- 
ber and  Guild).  The  nerve  is  usually  accompanied  by  ganglion 
cells,  which  Brookover  ('10)  behoved  to  be  sympathetic  in  char- 
acter. Huber  and  Guild  incline  to  the  same  conclusion.  Al- 
though the  central  relations  of  the  nerve  have  been  studied  by 
special  methods  by  Herrick  ('09),  Sheldon  ('09)  and  McKibben 
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('11)  it  IB  still  not  known  whether  its  fibers  are  all  afferent,  or 
whether  some  or  all  of  the  fibers  arise  from  cells  within  the  brain. 
In  the  latter  case  they  might  be  considered  preganglionic  fibers 
of  the  sympathetic  system.  The  present  state  of  our  knowledge 
suggests  the  probable  presence  of  both  afferent  and  efferent  com- 
ponents in  the  series  of  vertebrates.  The  wide-spread  presence  of 
the  nerve  in  adult  mammals,  including  man,  should  add  interest 
to  the  study  of  its  relations. 

The  pig.  In  my  previous  communication  it  was  stated  that 
the  nerve  had  not  been  seen  in  73  and  90  mm.  pigs.  Since  then  it 
has  been  found  by  dissection  in  numerous  pig  foetuses  ranging 
from  50  mm.  to  full  term.  The  brain  of  the  adult  pig  has  not 
been  examined. 

The  horse.  '  Figure  1  shows  the  proximal  portion  of  the  right 
ner\Tis  terminalis  in  the  brain  of  an  adult.  The  figure  shows  a 
small  portion  of  the  basal  surface  of  the  brain  between  the  olfac- 
torj'  trigon  and  the  median  fissure.  A  part  of  the  anterior  cere- 
bral artery  is  seen  in  the  r^t  hand  part  of  the  figure.  The 
plexus  of  small  vessels  Ues  immediately  upon  the  brain  substance, 
the  nervus  terminalis  hes  outside  of  them  and  is  in  turn  covered 
by  the  pia.  The  nerve  has  about  fourteen  rootlets  which  enter 
the  brain  along  the  rostral  and  medial  border  of  the  medial  ol- 
factory tract.  The  rootlets  unite  by  twos  and  threes  and  event- 
ually form  a  common  nerve  trunk.  Upon  the  largest  one  of 
three  main  roots  into  which'  the  rootlets  unite,  as  seen  in  the 
figure,  there  is  an  obvious  ganglion.  "The  nerve  trunk  extends 
forward  nearly  parallel  with  the  olfactory  peduncle  to  a  point 
opposite  the  rostral  border  of  the  olfactory  bulb,  where  it  is 
lodged  in  the  pial  septum  between  the  hemispheres.  Here  the 
nerve  had  been  cut  off  in  removing  the  brain  from  the  skull. 

The  nerve  of  this  side  was  removed  after  drawing  and  cut  into 
three  pieces  for  staining.  The  distal  piece  was  treated  with  vom 
Rath's  picro-osmo-palatino-acetic  mixture,  cleared  in  cedar  oil 
and  mounted  in  damar.  It  contains  three  fairly  well  medullated 
fibers  and  seven  or  eight  fibers  which  were  Ughtly  and  irregularly 
blackened.  The  middle  piece  was  stained  in  a  mixture  of  nj- 
grosin  and  acid  fuchsin  but  a  differential  staining  of  ner\'e  fibers 
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and  connective  tissue  was  not  obtained.  The  proximal  piece  in- 
cluded a  part  but  not  all  of  the  ganglion  seen  in  figure  1.  The 
piece  was  stained  in  neutral  red.  A  number  of  cells  were  found 
scattered  along  this  piece  and  the  portion  of  the*  ganglion  con- 
sisted of  about  twenty  closely  packed  cells  varying  in  size.     All 


n  the  horse,  right  side.    Description  in 

the  cells  had  large  nuclei  with  prominent  nucleoli.  Although  the 
Niasl  bodies  were  not  clearly  stained,  owing  to  unsatisfactory  fixa- 
tion, there  is  no  doubt  that  the  cells  are  nerve  cells.  Two  nerve 
cells  were  seen  also  in  the  piece  stained  by  nigrosin. 

The  nerve  on  the  left  side  of  this  brain  is  similar  to  this  although 
it  diffffl^  in  the  number  and  arrangement  of  rootlets. 
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The  sheep.  Three  brains  of  the  adult  sheep  have  been  ex- 
amined. The  nerve  was  not  found  in  the  first  but  was  present 
in  the  other  two.  In  one  of  these  brains  (fig.  2)  there  was  a  single 
strand  on  the  right  side  and  two  strands  on  the  left.  One  of  the 
latter  strands  presented  three  conspicuous  ganglion-like  enlai^e- 
ments.  Upon  staining  and  mounting  these  proved  to  be  true 
ganglia.  The  nerve  of  the  right  side  contained  single  ganglion 
cells  scattered  along  its  course,  two  collections  of  six  or  eight  cells 
each  and  a  ganglion  at  its  distal  end  larger  than  any  one  of  the 
three  on  the  left  side.  A  piece  of  the  left  nerve,  treated  in  vom 
Rath's  fluid,  showed  a  single  lightly  medullated  fiber. 

The  ■porpoise.  I  am  indebted  to  Mr.  W.  F.  Allen  of  this  lab- 
oratory for  the  brain  of  a  porpoise  (Phocaena)  preserved  in  Bouin's 
fluid.  The  brain  of  the  porpoise  has  a  very  broad,  rounded  frontal 
lobe  (fig.  3),  the  optic  tracts  diverge  very  widely  and  the  anterior 
perforated  space  is  greatly  elongated  from  side  to  side.  In  the 
absence  of  the  olfactory  bulb  and  peduncle  the  topographical  re- 
lations in  this  part  of  the  brain  must  be  based  chiefly  on  the  ex- 
tent of  the  anterior  perforated  space.  Upon  the  basal  aspect  of 
the  frontal  lobe  there  are  seen  beneath  the  pia  seven  slender 
strands  which  converge  forward  to  a  point  corresponding  as 
nearly  as  may  be  judged  to  the  point  at  which  the  nervus  termi- 
nalis  was  cut  off  in  the  horse's  brain.  Here  likewise,  the  nerve 
had  been  cut  in  removing  the  brain,  Proximally  the  strands  enter 
the  brain  over  a  wide  area.  The  most  lateral  one  enters  the  lat- 
eral part  of  the  anterior  perforated  space.  The  most  medial 
strand  runs  along  the  median  fissure  and  bends  up  on  the  medial 
surface  to  penetrate  the  brain  in  the  fissura  prima  on  this  medial 
surface  (fig.  4).  Two  strands  follow  the  anterior  cerebral  artery 
in  the  median  fissure  and  bend  laterad  with  it  almost  in  contact 
with  the  rostral  surface  of  the  optic  chiasma  and  enter  the  brain 
in  the  depth  of  the  fissura  prima  on  the  basal  aspect.  The  nerves 
of  the  left  side  have  been  described  and  drawn;  those  of  the  right 
side  have  a  similar  arrangement.  The  nerves  are  relatively 
larger  than  in  the  horse  and  are  more  closely  applied  to  the  brain 
surface  throughout  their  course.  They  differ  also  in  that  the 
rootlets  are  flattened  strands  which  run  for  a  longer  distance  be- 
fore uniting. 
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Fig.  2    Nerrus  tenninalia  in  the  sheep;  g,  gaoglia;  eh.op.,  optic  chiasma. 

Fig.  3  Basal  aspect  of  the  brain  of  the  porpoise;  «.p.a.,  substantia  perforata 
anterior.  The  broken  line  bounding  thia  rostrally  marks  a  Bmall  (ulcus  occupied 
by  a  blood  vessel.  Three  of  the  rootlets  penetrate  the  brain  beneath  this  vessel. 
X  indicates  point  at  which  a  root  was  broken  in  dissection. 
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The  monkey.  The  brain  of  Macacus  rhesus  and  that  of  M. 
cynomolgus  have  been  examined.  Both  show  the  nervus  termi- 
nalis  in  characteristic  form  (fig.  5).  Rostrally  several  nerve 
strands  converge  on  the  orbital  surface  of  the  frontal  lobe  (gyrus 
rectus)  between  the  olfactory  bulb  and  the  median  fissure  and 
are  cut  off  opposite  the  anterior  end  of  the  bulb.  Traced  prox- 
imally  these  strands  diverge  over  the  surface  of  the  gyrus  rectus 
and  bend  down  into  the  fissura  prima.  The  number  of  rootlets 
is  greater  in  the  rhesus,  but  otherwise  the  arrangement  is  essen- 
tially the  same.  The  most  m^al  and  thickest  strand  was  re- 
moved from  the  rhesus  brain,  treated  with  vom  Rath's  fluid  and 
stained  with  carmalum.  The  strand  proved  to  be  so  compact 
that  it  could  not  be  teased  out  with  needles  and  only  its  proximal 
and  distal  portions  could  be  examined  satisfactorily.  The  root- 
lets contained  no  medullated  fibers  but  in  the  distal  one-fourth 
of  the  nerve  medullated  fibers  began  to  appear  and  increased 
until  there  were  foiu-teen  to  be  seen  at  the  distal  end  of  the  por- 
tion mounted.  Near  the  distal  end  was  seen  a  single  large,  typi- 
cal gangUon  cell.  Several  small  cells  in  both  the  proximal  and 
distal  ends  presented  the  appearance  of  nerve  cells. 

Man.  I  have  examined  a  foetus  of  the  fifth  month,  one  of 
seven  months,  one  at  full  term,  a  baby  of  four  months  and  fourteen 
adult  brains. 

The  five-months  foetus  had  been  long  in  Zenker's  fluid  or  other 
bichromate  solution  and  was  very  brittle  when  it  came  into  my 
hands.  On  removing;  the  right  hemisphere  the  nerve  of  the  left 
side  was  readily  seen  as  a  good-sized  whitish  strand  extending 
from  the  fissura  prima  forward  parallel  with  the  olfactory  pe- 
duncle toward  the  septum  medial  to  the  bulb.  The  condition  of 
the  material  made  it  impossible  to  follow  the  nerve  peripherally. 

Fig.  i  Medial  aspect  of  part  of  the  left  half  of  the  brain  of  the  porpoise.  The 
dotted  line  m-b  is  the  line  of  mcctinR  of  the  medial  and  basal  surfaces  of  the  fron- 
tal lobe.  The  dotted  line  below  is  the  profile  of  the  rounded  basal  surface  of 
the  frontal  lobe.  The  three  more  medial  roots  are  shown.  The  most  medial  one 
enters  the  brain  below  the  anterior  commissure  (c.a.);  e.f.,  fornix. 

Fig.  5  Nervus  terminalis  in  the  monkey.  The  nerves  of  the  right  side  of 
Macacus  rhesus  and  those  of  the  left  side  of  M.  cynomolgus  are  drawn;  /.p., 
fissura  prima. 


,d.y  Google 


NERVUS  TERm'iNALIS   IN   MAN   AND   MAMMALS  191 


,d.y  Google 


192  J.   B.   JOHNSTON 

The  seven-months  foetus  had  been  in  foraaalin  for  at  least  six 
years  and  had  not  been  fresh  enough  for  histological  study  when 
preserved.  The  brain  was  rather  soft  and  the  tissues  tough,  so 
that  the  attempt  to  trace  the  nerve  into  the  nose  had  to  be' given 
up.  The  brain  was  carefully  removed  and  upon  examination 
under  the  Greenough  binocular,  two  transparent  nerve  strands 
were  seen  (fig.  6)  upon  the  orbital  surface  of  the  gyinis  rectus 
which  were  cut  off  opposite  the  anterior  end  of  the  olfactory  bulb 
as  in  the  forms  above  described.  The  apparent  change  in  the 
position  of  the  nerve  since  the  five  month  stage  is  due  to  the 
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Fig.  6    Seven  months  human  foetus,  basal  surface  of  the  frontal  lobea  showing 

the  nervua  terminalia. 

rapid  development  of  the  frontal  lobe,  which  has  expanded  mesad 
producing  a  gyrus  rectus  medial  to  the  olfactory  peduncle.  The 
pre-chiasmatic  space  is  filled  with  a  gossamer-like  fibrous  tissue 
which  had  to  be  removed  patiently  in  order  to  follow  the  strands 
to  their  point  of  entering  the  brain.  On  the  left  side  one  of  the 
strands  pierced  the  rostral  border  of  the  medial  olfactory  tract 
near  the  trigon.  The  other  strand  divided  into  two  rootlets 
which  ran  deeper  into  the  fissura  prima  (fig.  6).  On  the  right 
side  the  nerves  were  not  fully  dissected,  the  anterior  cerebral 
artery  being  left  in  position  to  show  the  relations. 

In  the  full-term  foetus  the  attempt  was  made  to  trace  the  peri- 
pheral course  of  the  nerve.  The  dissection  was  made  from  the 
face  in  order  to  expose  the  orbital  siirface  of  the  frontal  lobe.    The 
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nerve  of  the  left'  side  was  found  on  the  gyrus  rectus  as  in  other 
cases.  It  was  a  single  thick  strand  readily  visible  to  the  naked 
eye.  Traced  forward  it  entered  the  median  fissure-  opposite  the 
anterior  end  of  the  olfactory  bulb.  Curving  somewhat  dorsad 
in  the  fissure  the  nerve  makes  a  gentle  curve  ventrad  again  and 
at  the  same  time  leaves  the  surface  of  the  brain,  with  which  it  is 
in  contact,  and  enters  the  pia  mater.  At  the  same  time  the  nerve 
divides  into  several  strands  which'  flatten  out  like  a  fan.  These 
thin  flat  strands  pierce  the  pia  and  enter  the  tissue  of  the  cribri- 
form plate  close  to  the  median  plane  among  the  most  anterior 
strands  of  the  olfactory  nerve.  Here  the  connective  tissue  was 
so  tough,  owing  to  the  formaUn  preservation,  that  the  -thin 
strands  could  not  be  followed  far.  Some  of  them  were  followed 
without  doubt  into  the  septum,  and  some  appeared  to  go  toward 
the  lateral  waU  of  the  nasal  chamber,  but  this  was  uncertain. 
The  point  at  which  these  strands  pierce  the  pia  mater  is  the  place 
where  the  nerve  is  cut  off  when  a  brain  is  removed  from  the 
skull.  The  fact  that  at  this  point  the  nerves  in  the  adult  brains 
dissected  were  either  within  or  very  near  to  the  median  fissure 
and  imbedded  in  the  pia,  suggested  the  possibility  that  the  nerves 
might  be  distributed  to  the  meninges,  but  the  dissection  of  this 
specimen  was  carried  far  enough  to  show  conclusively  that  they 
go  down  into  the  septum,  and  to  explain  their  position  In  the 
adult  braii^. 

The  brain  of  a  baby  of  four  months  showed  two  strands  on  the 
left  and  three  on  the  right.  On  both  sides  the  roots  entered  the 
brain  beneath  the  medial  and  rostral  border  of  the  medial  olfac- 
tory tract.  The  nerve  of  the  left  side  was  stained  and  mounted, 
but  no  gangUon  cells  were  found. 

Fourteen  adult  himian  brains  have  been  examined  and  the  ner- 
vua  terminalis  found  in  all.  In  most  cases  the  nerve  is  visible 
under  the  lowest  power  of  the  Greenough  binocular  without  any 
dissection.  It  is  only  necessary  that  the  pia  mater  shall  be  in- 
tact In  the  region  between  the  olfactory  peduncles  and  rostral  to 
the  optic  chiaama.  In  only  one  of  the  fourteen  brains  was  the 
nerve  so  small  as  to  be  at  all  difficult  to  follow.  The  nerve  strands 
lie  just  beneath  the  pia  and  are  visible  through  it  because  sUghtly 
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morewhitish  opaque  than  the  pia.  They  are  distinguished  from 
small  blood  vessels  because  the  vessels,  even  when  apparently- 
empty,  have  a  slightly  yellowish  color.  Moreover,  small  blood 
vessels  are  readily  traced  to  the  larger  ones  from  which  they 
arise.  It  is  more  difficult  to  distinguish  the  nervus  terminalis 
from  thin  bands  of  connective  tissue  which  Ue  in  or  beneath  the 
pia.  Most  of  the  connective  tissue  strands  in  this  region  are  in- 
serted in  the  thick  tissue  surrounding  the  anterior  cerebral  ar- 
tery or  some  of  its  branches  in  the  median  fissure,  from  which 
they  stretch  obliquely  forward  and  laterad.  The  connective 
tissue  strands  can  be  detected  by  pulling  this  way  and  that 
upon  the  pia  with  fine  forceps.  ■  The  strands  of  connective  tissue 
will  be  distorted  and  the  appearance  of  strands  will  be  produced 
parallel  with  the  direction  of  tension,  while  the  nerve  strands,  if 
present  in  the  area  puUed  upon,  will  not  be  distorted,  nor  ob- 
scured. When  the  pia  mater  is  pricked  through,  lifted  up  with 
forceps  and  dissected  away  it  is  found  that  the  nerve  strands  lie 
beneath  the  pia  but  are  attached  to  it  more  or  less  closely.  The 
attachment  is  by  means  of  slender  connective  tissue  strands  and 
in  some  instances  by  small  bands  which  pass  beneath  the  nerve 
in  the  form  of  loops  or  straps.  In  some  cases  the  length  of  the 
nerve  was  drawn  through  one  of  these  loops  in  order  to  free  it 
from  the  pia.  With  a  little  care  the  nerve  is  separated  from  the 
pia  a-nd  a  few  minutes  sufiice  to  expose  the  nerve  through  the 
greater  part  of  its  intracranial  course.  The  dissection  of  the 
roots  where  they  bend  around  the  heel-like  convexity  of  the  gy- 
rus rectus  just  in  front  of  the  optic  chiasma  requires  more  care, 
especially  when  the  nerve  divides  into  several  slender  rootlets. 

F^ures  7,  8  and  9  show  the  course  of  the  nerve  in  three  adult 
brains.     It  runs  over  the  orbital  surface  of  the  gyrus  rectus  and 


Fig.  7  Partof  the  basal  tkspect  of  the  left  frontal  lobe  in  the  adult  human  brain. 
The  blood  vessel  is  a  small  vein  greatly  distended  with  blood.  X  marks  a  root 
broken  in  disaectiag. 

Fig.  3  Baaal  aspectof  the  right  frontal  lobe  in  the  adult  human  brain.  Anas- 
tomofiig  of  rootlets. 

Fig.  9  Similar  to  figure  8.  Nervus  terminalis,  a  single  strand  with  five  root- 
lets on  the  surface  of  the  medial  olfactory  tract. 
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enters  the  median  fissure  or  lies  near  it  at  the  level  of  the  anterior 
end  of  the  olfactory  bulb,  where  the  nerve  is  cut  off  in  remo^'ing 
the  brain.  As  seen  in  the  figures,  the  nerve  in  these  cases  con- 
sisted of  one,  two,  three  or  foiu"  strands.  In  one  case  (fig.  7) 
one  of  the  strands  divided  into  three  strands  which  again  united 
into  one.  In  another  case  (fig.  8)  a  slender  strand  crossed 
obliquely  from  one  of  the  main  strands  to  another.  It  is  entirely 
possible  that  slender  strands  would  be  overlooked  or  destroyed 
in  dissectii^  and  two  or  three  minute  strands  were  seen  which 
are  not  included  in  the  drawings.  In  the  fourteen  brains  the 
type  of  nerve  most  frequently  met  witlf  is  that  shown  in  figure  8. 
In  one  case  the  subdivision  and  reuniting  of  strands  seen  in  figure 
7  was  present,  together  with  a  large  number  of  very  slender 
strands  which  ran  along  the  medial  border  of  the  olfactory  pe- 
duncle and  bulb.  When  the  nerve  consists  of  a  single  strand,  as  in 
figure  9,  it  is  large  enough  to  be  seen  and  dissected  without  the 
use  of  a  lens.  In  one  case  it  appeared  larger  than  some  of  the 
rootlets  of  the  IX  and  X  nerves;  but,  being  a  broad  thin  band, 
it  probably  contains  fewer  fibers  than  those  rootlets. 

The  point  of  attachment  of  the  roots  to  the  brain  varies  con- 
siderably. In  aU  cases  thus  far  examined  it  is  in  the  region  of 
the  basal  end  of  the  fissura  prima,  either  upon  or  in  front  of  or 
behind  the  medial  olfactory  tract.  In  figure  8  the  roots  are  seen 
converging  toward  the  olfactory  trigon,  where  they  seemed  to 
dip  beneath  the  anterior  and  medial  border  of  the  olfactory  tract. 
In  figure  9  the  angle  root  divides  into  five  rootlets  which  pierce 
the  medial  olfactory  tract.  The  two  roots  of  the  other  side  of 
this  brain  had  the  same  position.  Two  of  the  three  roots  in 
figure  7  have  nearly  the  same  pcsition  but  one  of  them  passes 
farther  toward  the  median  plane. 

In  position  these  strands  correspond  very  closely  to  the  ner- 
vus  terminalis  of  lower  animals  and  of  human  embryos  previously 
described.  Proof  of  the  nervous  character  of  the  strands  was 
sought,  however,  by  removing  and  staining  some  of  them.  In 
one  brain  the  nerve  was  found  on  only  the  right  side.  Its  two 
rootlets  entered  the  brain  just  at  the  rostral  border  of  the  medial 
olfactory  tract  where  that  bends  from  the  orbital  to  the  medial 
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surface.  The  roots  were  pulled  out  and  the  entire  nerve  was 
stained  in  neutral  red  and  mounted  in  damar.  It  consists  of 
some  fifteen  or  sixteen  small  bundles  of  non-medullated  fibers 
and  has  imbedded  in  its  coxirse  about  twelve  ganglion  cells. 
These  ceUs  occur  singly  or  in  twos.  There  is  no  larger  collec- 
tion. Each  cell  has  a  large  nucleus  and  prominent  nucleolus  and 
stains  deeply  with  neutral  red.  Unfortunately  the  material  was 
pot  fresh  enough  to  give  a  good  stain  of  the  Nissl  substance. 

The  nerve  on  the  right  side  of  the  brain  from  which  figure  9 
was  taken  was  removed  and  stained  as  was  also  the  left  nerve  of 
the  four  months  baby  brain,  but  no  nerve  cells  were  found  in 
either.  From  the  brain  shown  in  figure  8  the  nerve  of  the  left 
side  was  stained  in  neutral  red,  while  that  of  the  right  side  was 
treated  with  vom  Rath's  fluid  and  afterward  stained  with  carmal- 
um.  Neither  meduUated  fibers  nor  nerve  cells  were  found  in  thb 
case.  The  largest  nerve  found  was  treated  in  the  same  way  and 
teased  out  carefully.  After  clearing  and  mounting  in  damar  there 
were  found  four  ganglion  cells  surrounded  by  numerous  sheath- 
cell  nuclei.  Two.cells  were  in  the  middle  part  of  the  nerve,  two 
at  the  distal  extremity.  No  medullated  fibers  were  found. 
Failure  to  find  ganglion  cells  in  some  of  the  other  cases  may  have 
been  due  to  the  fact  that  the  nerves  were  not  as  well  teased  out. 

From  the  above  facts  it  appears  that  a  nerve  corresponding 
to  the  nervus  tenninalis  of  lower  vertebrates  exists  in  adult  man 
and  several  other  mammals.  This  nerve  contains  some  medul- 
lated fibers  at  least  in  the  sheep,  horse  and  monkey,  and  in  the 
monkey  these  fibers  increase  in  number  distally.  In  the  sheep, 
horse,  monkey  and  man  the  nerve  contains  ganglion  cells  in  at 
least  some  individuals.  In  the  sheep  and  horse  there  are  distinct 
ganglionic  enlargements  of  the  nerve.  The  failure  to  find  gan- 
glion cells  in  the  other  cases  here  reported  has  little  significance, 
since  only  the  intra-pial  course  of  the  nerve  could  be  examined. 
The  probability  that  gangUon  cells  would  be  situated  farther  dis- 
tally is  suggested  by  the  condition  in  the  rabbit  (Huber  and 
Guild)  and  by  the  presence  of  a  large  ganglion  in  the  sheep  (fig. 
2)  just  at  the  point  where  the  nerve  pierces  the  pia,  rostral  to  the 
olfactory  bulb.     The  presence  and  large  size  of  the  nervus  termi- 
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Dalis  in  the  porpoise  serves  to  emphasize  its  independence  of  the 
olfactory  nerve,  which  has  been  abundantly  established  by  pre- 
"  vious  work. 

The  nerve  has  usually  been  regarded  as  a  vestigeal  structure, 
but  it  is  an  interesting  fact  that  it  is  larger  in  man  than  in  many 
fishes  and  amphibians.  The  question  su^ests  itself,  for  how 
many  million  years  has  the  nerve  persisted  in  a  vestigeal  condi- 
tion? Further  studies  are  desirable  upon  the  central  relations  of. 
the  nervus  terminalis  and  upon  its  structure  and  distribution  in 
the  nasal  septum. 
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It  is  eommonly  taught  that  the  most  direct  pathways  over 
which  impulses  aroused  in  the  olfactory  centers  may  reach  the 
motor  centers  are  the  two  following: 

a.  Prom  the  olfactory  centers  in  the  forebrain  to  the  tuber 
cinereum  or  the  corpus  mammillare,  and  from  these  to  the  teg- 
mentum or  possibly  to  motor  centers  directly; 

b.  From  the  forebrain  centers  to  the  nucleus  habenulae,  thence 
over  the  bundle  ot  Mejniert  to  the  interpeduncular  nucleus  and 
thence  to  motor  centers  over  paths  not  well  known. 

The  following  description  adds  to  the  evidence  that  a  con- 
nection exists  between  the  olfactory  and  lower  centers  without 
interruption  in  the  diencephalon. 

The  brain  studied  is  that  of  a  fetus  145  mm.  in  length,  crown- 
rump  measurement.  It  was  received  fresh  and  fixed  in  15  per 
cent  formalin.  Sections  were  cut  transverse  to  the  long  axis 
of  the  hemispheres  and  lengthwise  of  the  brain  stem,  50  microns 
in  thickness,  and  stained  with  Delafield's  hematoxylin.  The 
preservation  proved  to  be  excellent. 

The  brain  at  this  age  is  largely  composed  of  ceU-masses  which 
are  deeply  stMned.  The  fibers  take  little  stain  and  where  defi- 
nite bimdles  are  present,  these  stand  out  sharply  among  the 
cell-masses  and  neiu"opile.  Certain  well  known  tracts,  such  as 
the  bundles  entering  into  the  anterior  commissure  and  thefor- 
lux,  are  very  clearly  defined  in  this  brain. 

In  a  section  passing  just  rostral  to  the  anterior  commissure 
(fig.  4)  we  see  on  the  right  side  the  precommissural  fibers  of  the 
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fornix  crossing  the  anterior  commissure  vertically.  On  the  left 
side  appear  a  latter  and  a  smaller  commissural  bundle.  The 
smaller  {Ml.  x)  is  one  of  the  olfactory  bundles  of  the  anterior 
commissure  which  crosses  the  mid-hne  independently  o£  the  main 
body  of  the  commissure.  Crossing  these  two  bundles  in  a  sweep- 
ing curve  is  a  small  bimdle  which  runs  down  into  the  tuber 
cinereum.  When  this  small  bundle  is  traced  rostrad  it  jolnsthe 
smaller  commissural  bundle  (fig.  3) .  Hence,  a  small  bundle  sepa- 
rates from  the  olfactory  commissure,  passes  over  the  anterior 
conunissure  and  enters  the  tuber  cinereum.  This  condition  has 
not  before  been  described  so  far  as  the  writer  is  aware. 

In  the  section  described  there  appears  beneath  the  limb  of 
the  anterior  conunissure  a  fair  sized  bundle  almost  roimd  in 
transverse  section  (tr.olf-tegm.).  When  this  bundle  is  traced  ros- 
trad it  is  found  that  it  intermingles  with  the  olfactory  bundles 
of  the  anterior  commissure  and  has  a  commmon  origin  with  these. 
This  is  illustrated  in  figures  1,  2,  and  3.  While  some  fibers  may 
enter  these  bundles  from  the  olfactory  tract,  there  can  be  no 
doubt  that  most  of  the  fibers  are  directly  related  to  the  olfactory 
tubercle  and  adjacent  secondary  olfactory  centers. 

The  course  of  this  bundle  caudal  to  the  level  of  the  anterior 
commissure  is  shown  in  figures  5,  6,  7,  8,  9.  The  bundle  is  sym- 
metrical on  the  two  sides,  but  only  the  left  side  is  drawn.  It 
runs  along  the  inner  face  of  the  internal  capsule  and  descends 
somewhat  into  the  hypothalamus  until  it  comes  to  lie  between 
the  terminal  portion  of  the  fornix  and  the  internal  capsule  (fig. 
7) .  Beyond  the  mammillary  body  it  rises  again  and  gains  a  posi- 
tion dorsal  to  the  medial  border  of  the  cms  (fig.  8).  The  bun- 
dle then  continues  between  the  substantia  nigra  and  the  nucleus 
ruber  and  divides  into  several  fascicles.  These  fascicles  while 
continuing  spinalward  turn  rather  rapidly  dorsad  and  somewhat 
laterad.  They  become  imbedded  in  small  masses  of  cells  and  are 
lost  just  at  the  upper  or  anterior  border  of  the  pons  (fig.  9). 
One  fascicle  seems  to  enter  the  dorsal  part  of  the  pontile  gray 
(fig.  9).  One  or  two  fascicle  run  much  farther  dorsad  than  the 
others,  but  do  not  approach  so  near  the  brachium  pontis. 
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The  bundle  described  is  interpreted  as  a  descending  tract 
from  the  olfactory  centers  to  the  motor-correlation  centers  in  the 
tegmentum  at  the  level  of  the  isthmus.  Such  preparations  give 
no  direct  evidence,  of  course,  as  to  the  actual  origin  and  endings 
of  the  fibers.  At  their  rostral  end  the  fibers  of  this  bundle  are 
indistinguishably  intermingled  with  the  fibers  of  the  olfactory 
commissure  which  we  know  arise  from  the  olfactory  centers. 
At  its  caudal  end  the  fibers  spread  widely  in  the  tegmentum. 
This  renders  it  very  improbable  that  the  fibers  arise  in  any  of 
the  sensory  nuclei,  such  as  the  nucleus  of  the  trigeminus.  Its 
behavior  rather  suggests  the  breaking  up  of  a  bundle  at  its  place 
of  ending. 

From  the  tacts  just  stated  the  writer  can  see  no  reason  for 
comparing  this  with  the  quinto-frontai  bundle  described  by  Wal- 
lenberg. That  bundle  is  supposed  by  Edinger  (Vorlesungen, 
1908)  to  carry  impulses  from  the  sensory  nucleus  of  the  trigem- 
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inua  to  the  tuberculum  olfactorium,  which  serves  as  a  correla- 
tion center  for  oral  and  nasal  sensory  impulses  (muzzle-sense). 
If  this  were  the  function  of  the  tuberculum  olfactorium,  one 
would  expect  that  In  forms  Uke  man,  in  which  the  olfactory  ap- 
paratus is  reduced  and  the  oral  sense  is  very  important,  the  tu- 
bercle would  be  large  relative  to  the  other  olfactory  centers. 
Such  is  not  the  case.  On  the  other  hand  the  forms  in  which  the 
tuberculum  is  large  are  those  in  which  the  olfactory  apparatus  is 
very  large  (Ornithorhynchus,  Didelphys,  dog). 

There  is  more  reason  for  comparing  this  with  the  descending 
bundle  mentioned  by  Edinger  (1908,  pp.  123,  286)  as  arising  in 
the  lobus  parolfactorius  and  miming  through  the  dorso-lateral 
part  of  the  oblongata,  to  the  cervical  cord,  tractuB  fronto-bul- 
baris.  Edinger's  lobus  parolfactorius  is  a  lai^,  Dly  defined 
region  "which  includes  the  whole  base  of  the  brain"  (p.  252), 
and  there  is  nothing  to  indicate  from  what  part  of  this  area  the 
tractus  fronto-bulbaris  arises.  Also,  it  seems  fairly  certain  that 
the  bundle  above  described  ends  largely  or  wholly  at  the  level 
of  the  isthmus.  It  is  quite  possible  that  some  of  its  fibers  pass 
OD  to  the  cervical  cord  and  that  these  constitute  the  tractus 
fronto-bulbaris  of  Edinger. 

Figures  2  to  6  show  another  bundle  of  considerable  interest 
which  is  clearly  defined  in  this  series.  This  is  the  bundle  of 
precommissural  fornix  fibers  which  enter  the  hypothalamus 
(fasc.  praecom,  pars  hyp.).  These  constitute  the  most  compact 
bundle  in  the  system  of  vertical  fibers  in  the  "septum"  rostral 
to  the  anterior  commissure  (fig.  2).  The  bxmdle  is  conspicuous 
in  the  sections  back  to  the  level  of  the  optic  tract,  which  it 
crosses  to  enter  the  lateral  wall  of  the  tuber  cinereum.  Whether 
the  fibers  reach  the  mammillary  body  can  not  be  determined  in 
this  specimen. 
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In  continuation  of  work  upon  the  forebrain,  it  is  the  writer's 
intention  to  study  the  origin,  growth  and  differentiation  of  the 
general  pallium  in  the  series  of  vertebrates.  In  doing  this  it 
will  be  necessary  to  keep  constantly  in  mind  the  relations  ot  the 
general  pallium  to  the  hippocampal  formation,  which  has  been 
described  in  earlier  papers.  The  history  of  the  amygdaloid 
complex  and  of  the  pyriform  lobe  is  also  intimately  concerned. 
Finally,  the  position  and  arrai^emeut  of  the  &ber  tracts  connect- 
ing the  hemispheres  with  the  brain  stem  bear  an  important  re- 
lation to  the  morphology  of  the  cell  masses  in  the  forebrain. 

In  order  to  be  able  to  compare  given  brain  structures  in  lower 
and  higher  vertebrates  it  is  necessary  to  have  a  description  of 
the  brain  of  some  intermediate  form  in  which  the  more  common 
ichtbyopsid  characters  can  be  recognized  and  in  which  at  the 
same  time  the  hippocampus  and  general  pallium  are  present. 
For  this  purpose  the  brain  of  the  turtle  has  been  chosen  and  it 
serves  admirably  because  of  the  relationship  of  the  chelonia  to 
the  ancestors  of  mammals.  The  present  paper  will  be  con- 
fined almost  wholly  to  description,  the  review  of  literature  and 
the  discussion  of  hypotheses  being  deferred  to  later  papers. 


The  results  here  presented  have  been  obtained  chiefly  from  the 
study  of  cell  preparations.  The  results  from  the  study  of  fiber 
tracts,  although  used  in  connection  with  this  work,  will  be  re- 
ported only  briefly.    The  object  has  been  to  define  the  i 
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gations  of  neurones  which  there  is  reason  to  think  are  concerned 
with  specific  functions  fmd  to  determine  the  position,  extent  and 
limits  of  these  cell  masses.  Criteria  depended  upon  are  the 
position,  size,  form  and  grouping  of  the  cells,  their  relation  to 
fiber  tracts  and  their  relation  to  neighboring  cell-masses.  The 
more  important  aggregations  of  neurone  are  either  separated 
from  neighboring  masses  by  cell-free  zones,  or  they  present  a 
sudden  transition  to  other  masses  whose  cells  differ  markedly 
in  dze,  position,  staining  quaUties,  etc.  Sometimes  sulci  mark 
the  lines  of  demarcation.  Typical  sections  have  been  drawn  to 
show  the  arrai^ement  of  cells  in  various  regions  and  the  lines 
of  demarcation  between  the  aggregations  of  neurones.  To  gain 
an  imderstanding  of  the  morphological  relations,  dissection  and 
modelling  have  been  practiced.  Alter  the  various  cell  masses 
had  been  studied  and  their  limits  determined,  a  model  was  made 
of  the  right  hemisphere  together  with  a  small  adjacent  part  of 
the  diencephalon.  In  makii^  the  plates  for  this  model  the  limits 
of  the  several  cell-masses  were  drawn  imder  the  projection  micro- 
scope. The  plates  were  then  cut  aloi^  these  limiting  lines 
but  the  parts  not  separated  from  one  another.  The  model  was 
then  piled  and  fastened  together  as  a  whole  and  the  several 
paxts  separated  at  last  along  the  lines  of  the  cuts.  In  this 
manner  it  was  possible  to  pile  the  model  aecuratdy  in  the  form 
of  the  control  brain  and  since-  each  part  was  strongly  fast^ied 
together  there  was  no  distortion  of  the  parts. 

I  am  indebted  to  Dr.  Wm.  F.  Allen  for  the  beautiful  photo- 
graphs of  this  model. 

DESCRIPTION 

As  is  well  known,  the  turtle  has  fairly  large  hemispheres  whose 
caudal  poles  he  at  the  sides  of  the  mesencephalon.  The  dis- 
position of  the  hippocampal  formation  and  the  olfactory  tubercle 
in  the  medial  wall  have  been  described  in  a  previous  pap^-. 
Other  features  in  this  wall  will  be  taken  up  in  later  sections.  Tlie 
lateral  wall  ehows  a  broad  depreseion  where  the  hemisphere 
connects  with  the  brain  stem  which  at  once  suggests  compariBon 
with  the  insular  region  in  the  mammalian  brain  (fig.  1). 
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_  The  dorsal  border  of  this  depression  is  formed  by  a  low  ridge 
which  extends  rostrally  into  the  lateral  wall  of  the  olfactory  bulb. 
This  ric^e  is  traversed  by  the  lateral  olfactory  tract  and  is  there- 
fore to  be  compared  with  the  pyriform  lobe  of  the  mammalian 
brain.  Near  its  rostral  end  it  presents  an  apparent  thickening 
which  causes  a  decided  elevation  of  the  surface  (figs.  5,  26). 
The  sulcus  which  bounds  the  pyriform  lobe  dorso-laterally  varies 
in  depth  in  different  individuals,  but  is  always'  well  marked  in 
its  rostral  portion.    It  is  the  fissura  rhinalis. 

The  insula-Iike  region  is  clearly  seen  in  the  entire  brain  to  be 
trasversed  by  bundles  of  medullated  fibers  (fig.  1).  Sections 
show  these  to  be  a  continuation  of  the  cms  cerebri  (figs.  32,  49), 
and  therefore  comparable  to  the  capsula  interna.  The  alwence 
of  a  cortical  layer  covering  the  internal  capsule  shows  that  this 
does  not  correspond  to  the  insula.  It  is  tiie  corpus  striatum 
which  retains  a  condition  analogous  to  that  seen  in  the  fish 
brain  and  is  not  yet  covered  in  by  paUium. 

Caudal  to  the  striatum  there  is  a  well-developed  occipito- 
temporal pole  whose  presence  adds  to  the  similitude  of  the 
turtle's  brain  to  that  of  a  mammal.  The  pjriform  lobe  appears 
to  blend  with  the  occipital  lobe.  Along  its  lower  border  is  a 
groove  which  at  the  rostral  end  is  the  sulcus  endorhinalis.  Be- 
hind the  striated  area  a  deep  groove  continues  for  some  distance 
toward  the  caudal  pole.  This  groove  will  be  called  the  fissura 
amygdaloidea.  A  part  of  the  area  appearing  below  it  in  lateral 
view  is  occupied  by  the  amygdaloid  complex  (fig.  5).  The 
reason  for  calling  tills  the  amygdaloid  fissure,  however,  is  that 
it  represents  the  line  of  infolding  of  an  important  body  which 
becomes  in  TnammftlH  a  part  of  the  amygdaloid  complex. 

Rostral  to  the  striated  area  appears  the  smooth  lateral  sur- 
face of  the  tuberculum  olfactorium  and  adjacent  olfactory  area, 
including  the  lateral  portion  of  the  homologue  of  the  anterior 
perforate  space.  Between  this  region  and  the  pyriform  lobe 
rostral  to  the  striatum  is  the  sulcus  endorhinalis  (figs.  1,9  to  26). 

The  vault  of  the  hemisphere  is  occupied,  as  we  shall  see,  by 
the  general  pallium.  It  is  very  evident  that  if  the  expansion  of 
the  general  pallium  were  to  push  the  pyriform  lobe  ventro-Iater- 
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allj'  until  it  was  driven  down  nearly  upon  the  basal  surface  and 
until  the  migrated  general  pallium  itself  had  covered  over  the 
striatum,  there  would  be  produced  a  fairly  exact  counterpart  of 
the  primitive  mammalian  brain.  This  is  the  condition  of  the 
brain  of  an  opossum  or  rabbit,  in  both  of  which  the  lateral  (Syl- 
vian) fissure  is  little  deeper  than  the  analogous  striatal  depres- 
sion in  the  turtle's  brain.  The  further  expansion  of  the  frontal 
and  caudal  poles  produces  the  opercula  bounding  the  lateral 
fissure. 

On  the  dorsal  surface  just  behind  the  olfactory  peduncle 
occurs  a  slight  rounded  elevation  (figs.  3,  25)  which  forms  a  part 
of  the  palhal  thickening  to  be  described  below. 

On  the  medial  surface  of  a  brain  from  which  the  stem  has  been 
cut  away  and  the  choroid  plexus  removed  (fig.  3)  it  is  seen  that 
a  wide  chorioid  fissure  extends  caudad  in  a  simple  curve  from  the 
interventricular  foramen  into  the  temporal  pole.  On  removing 
the  medial  wall  of  the  hemisphere  there  are  exposed  certain  ridges 
which  constitute  some  of  the  most  characteristic  features  of  the 
reptilian  brain  (figs,  4,  10).  Three  main  bodies  are  to  be  dis- 
tinguished :  a  dorsal  ventricular  ridge,  the  largest  and  most  prom- 
inent; beneath  it  and  extending  farther  rostrad,  the  striatum; 
and  rostrally  in  the  dorsal  wall  a  smaller  pallial  thickening. 

Three  longitudinal  ventricular  grooves  are  to  be  distinguished: 
dorsal,  middle  and  ventral.  The  dorsal  ventricular  groove  is  a 
very  deep  groove  between  the  dorsal  ridge  and  the  pallium  (figs. 
4,  11  to  22).  The  middle  groove  runs  beneath  the  dorsal  ridge 
from  the  amygdaloid  region  forward  into  the  olfactory  bulb. 
A  bifurcation  of  the  caudal  end  of  this  groove  and  its  significance 
will  be  mentioned  later.  The  ventral  groove  is  medial  to  the 
striatum.  It  dips  very  deep  into  the  olfactory  tubercle  but  is 
shallow  rostral  and  caudal  to  this  level. 

The  term  epistriatum  was  first  used  by  Edinger  to  designate  a 
body  in  the  reptilian  forebrain  to  which  C.  L.  Herrick  had  traced 
a  large  part  of  the  olfactory  tract.  In  the  1904  edition  of  Edin- 
ger's  textbook  thjs  body  is  labelled  epistriatum  in  figures  117, 
Varanus;  122  and  123,  Schemata;  125b,  lizard.  This  usage  is 
followed  by  de  Lange  in  a  recent  paper  on  Varanus.  "  In  Edin- 
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ger's  figure  121  the  term  epistriatum  is  applied  to  an  entirely 
different  body  in  the  turtle,  the  dorsal  ventricular  ridge  of  the 
present  paper.  In  f^ure  125a,  which  also  represents  the  turtle, 
this  ridge  is  called  mesostriatuni  and  the  term  epistriatum  is 
applied  to  the  pallial  thickening.  Since  the  structure  to  which 
the  term  epistriatum  was  first  applied  does  not  appear  as  a  special 
body  or  ridge  in  the  turtle  brain  and  since  the  author  of  the  term 
uses  it  for  at  least  three  different  bodies  in  the  reptilian  brain, 
the  term  will  not  be  used  in  the  present  paper.  The  use  of  purely 
descriptive  terms  will  help  to  avoid  confusion. 

In  the  dissected  brain  or  in  the  model  from  which  the  hippo- 
campal  formation  has  been  removed  (figs.  4, 10)  It  is  seen  that  the 
dorsal  ventricular  ridge  bends  down  into  the  temporal  pole. 
Here  it  enters  into  close  relations  with  the  amygdaloid  complex 
which  must  be  discussed  later. 

FORMATIO  OLFACTORIA 

The  f ormatio  olfactoria  is  that  portion  of  the  forebrain  which 
receives  fila  olfactoria  and  contains  mitral  cells  and  glomeruU. 
It  forms  the  rostral  part  of  the  olfactory  bulb  and  extends  farther 
caudally  on  the  dorsal  than  on  the  ventral  surface.  Thus  the 
peduncular  constriction  is  placed  obhquely,  as  is  evident  in  figures 
3  and  5.  The  bulb  in  its  rostral  part  is  nearly  triai^ular  in  cross 
section  (fig.  30).  The  olfactory  nerve  divides  into  distinct 
ventral  and  dorsal  roots.  The  ventral  spreads  upon  the  dorsal 
surface  of  the  bulb  and  enters  the  brain  farther  rostrally  than 
does  the  dorsal  root.  The  ventral  root  spreads  over  somewhat 
more  than  the  lower  half  of  the  medial  and  lateral  walls  (fig.  30) 
and  the  rostral  surface.  The  dorsal  root  continues  over  the  bulb 
as  a  high  ridge  and  spreads  out  in  the  dorsal  wall  in  its  caudal 
part.  At  its  greatest  extent,  near  the  peduncle,  this  rqot  ex- 
tends half  way  down  on  the  medial  and  lateral  surfaces.  The 
areas  in  which  bundles  of  fila  olfactoria  are  evident  are  shown  in 
figures  28,  29,  30.  It  is  certain,  however,  that  many  fila  extend 
either  in  small  bundles  or  singly  some  distance  beyond  these 
limits  before  ending  in  relation  with  neurones  of  the  formatio 
olfactoria. 
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The  limits  of  the  fonnatio  olfactoria  can  be  determined  more 
accurately  by  a  study  of  the  fonn,  size  and  grouping  of  the  cells. 
Throughout  all  the  area  where  fila  olfactorift  are  visible,  the  wall 
of  the  bulb  consists  of  a  thick  layer  of  granule  cells  adjacent  to 
the  ventricle,  and  a  fiber  layer  of  varying  thickness  in  the  midst 
of  which  are  scattered  large  and  small  mitral  cells.  In  the  areas 
not  covered  by  bundles  of  fila  olfactoria  the  mitral  cells  are  less 
numerous  and  sometimes  absent,  (figs.  28,  29,  30). 

The  deep  granule  cells  are  very  numerous,  closely  crowded 
and  sometimes  arranged  in  irregular  concentric  layers.  Golgi 
sections  show  that  they  possess  two  or  more  long  slender  den- 
drites radially  placed  and  that  the  dendrites  interlace  with  those 
of  the  mitral  celts  in  the  glomeruli.  These  cells  are  therefore 
true  olfactory  receptive  cells,  comparable  to  the  deep  cells  of 
the  olfactory  formation  of  fish^  (Johnston  '01).  The  granule 
cells  form  a  dense  thick  layer  surrounding  the  ventricle  through- 
out the  whole  extent  of  the  bulb  (figs.  28,  29,  30)  and  constitute 
the  greater  part  of  its  volume.  The  groove  or  Constriction 
which  marks  the  olfactory  peduncle  foUows  accurately  the 
caudal  border  of  this  granule  cell  layer.  In  the  lateral  wall  the 
pyriform  lobe  and  the  olfactory  tubercle  push  forward  some- 
what and  the  pedimcular  groove  presents  a  V-shaped  bend  for- 
ward (fig.  5),  but  everywhere  the  groove  faithfully  indicates  the 
boundary  between  primary  or  bulbar  structure  and  the  second- 
ary centers  or  olfactory  lobe. 

The  layer  of  mitral  cells  and  of  small  brush  cells  is  not  as 
extensive  as  that  of  granule  cells.  In  the  rostral  half  of  the  bulb 
this  layer  is  continuous  around  the  periphery  of  the  section,  but 
the  cells  are  less  numerous  in  the  lateral  and  medial  ai^es  where 
the  fila  olfactoria  are  not  evident.  In  the  caudal  part  of  the 
bulb  the  corresponding  areas  become  quite  free  from  mitral  cells 
for  some  distance  (fig.  29,  31).  The  distribution  of  the  mitral 
cells  is  determined  by  their  relation  to  the  fila  olfactoria.  Golgi 
preparations  show  that  the  dendrites  of  mitral  cells  and  of  the 
small  brush  cells  penetrate  tiie  bundles  of  fila  and  ramify  richly, 
thus  transforming  the  bundles  into  elongated  glomeruli  or  series 
of  glomeruli.    A  brush  often  lies  on  the  surface  of  one  of  these 
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bundles  and  its  dendrites  wrap  around  and  penetrate  the  bundle. 
The  formation  of  glomeruli  in  the  course  of  large  bundles  of  fila 
is  a  condition  similar  to  that  in  Petromyzon  described  by  the 
writer  (1902).  In  addition  to  these  lai^e  glomeruli  are  numer- 
ous smaller  ones  formed  by  the  dendrites  of  small  brush  cells 
and  of  granule  cells. 

The  formatio  olfactoria  consists  then  of  (1)  an  enormous  num- 
ber of  granule  cells  whose  bodies  form  the  dense  peri-ventricular 
layers  and  whose  rather  straight  dendrites  radiate  outward  to 
form  glomeruli  or  to  mingle  with  dendrites  of  other  cells  in 
glomeruli;  (2)  a  peripheral  layer  of  mitral  cells  and  small  brush 
cells  presenting  a  great  variety  of  forms,  whose  dendrites  fonn 
the  large  glomeruli  by  ramifying  in  the  bundles  of  fila  olfactoria; 
and  (3)  of  the  incoming  fila  olfactoria  and  the  afferent  and 
efferent  fibers  connectii^  the  bulb  with  Hie  rest  of  the  brain. 

The  gross  structiu-e  known  as  the  olfactory  bulb  in  the  turtle 
consists  of  formatio  olfactoria  and  nothing  else.  While  the 
hippocampal  formation  and  the  pyriform  lobe  both  push  forward 
into  close  contact  with  the  olfactory  formation,  the  groove  which 
marks  the  pedxmcle  corresponds  accurately  to  the  line  of  division 
in  the  internal  structure.  The  so-called  nucleus  olfactorius 
anterior  in  this  brain  is  very  clearly  distinct  from  the  granule 
cell  layer  of  the  olfactory  bulb  and  does  not  extend  forward 
beyond  the  peduncular  constriction. 

TRACTUS  OLFACTORIUS 
At  the  olfactory  peduncle  the  fibers  of  the  olfactory  tract 
(figs.  55,  56,  57)  have  the  following  disposition.  The  largest 
bundles  lie  on  the  lateral  surface  and  pass  caudad  into  the 
pyriform  lobe.  These  fibers  arise  from  the  greater  part  of  the 
lateral  and  from  the  dorsal  surface  of  the  bulb.  On  the  dorsal 
surface  of  the  pedimcle  a  large  bundle,  which  has  its  origin  in 
the  dorsal  part  of  the  medial  wall,  crosses  obUquely  from  the 
medial  to  the  lat^^  surface  and  joins  the  bundle  last  mentioned. 
These  constitute  the  lateral  olfactory  tract.  Its  further  course 
will  be  described  in  connection  with  the  pyriform  lobe.  Fibers 
arisii^  from  the  remaining  ventral  and  medial  parts  of  the  bulb  col- 
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lect  into  a  broad  sheet  ventral  to  the  large  bundle  first  mentioned. 
This  sheet  constitutes  the  medial  olfactory  tract.  It  is  thick 
where  it  abuts  upon  the  large  lateral  tract  but  spreads  as  a  very 
thin  sheet  over  the  ventral  and  part  of  the  medial  surface.  This 
tract  runs  caudad  over  the  ventro-Iateral  surface  of  the  tuber- 
culum,  gradually  diverges  from  the  lateral  tract  and  gives  diffuse 
fibers  to  the  tuberculum  and  the  parolfactory  area.  The  medial 
tract  borders  the  striatal  area  in  front  and  below  as  the  lateral 
tract  borders  that  area  dorsally. 

Two  compact  terminal  bundles  of  the  medial  tract  are  of 
especial  importance.  One  bends  up  into  the  medial  wall  between 
the  tuberculum  and  the  commissures  and  is  distributed  to  this 
region  (gyrus  subcallosus)  and  to  the  hippocampal  formation. 
This  is  obviously  the  equivalent  of  the  olfactory  tract  component 
in  the  precommissural  fornix  system  of  mammals.  The  second 
bundle  continues  along  the  lateral  border  of  the  medial  tract 
and  runs  directly  caudad  to  the  amygdaloid  prominence,  where 
it  enters  the  nucleus  of  small  cells  hereafter  to  be  described  as 
the  nucleus  of  the  lateral  olfactory  tract.  This  bundle  runs  along 
with  the  large  bundle  which  connects  the  amygdaloid  complex 
with  the  hippocampus  through  the  precommissural  system  (ol- 
factory radiations  of  Zuckerkandl  or  fiber  bundle  of  the  diagonal 
band  of  Broca). 

CORPUS  STRIATUM 

Under  this  name  will  be  described  the  structures  which  are 
homologous  with  the  chief  parts  of  the  corpus  striatum  in  human 
and  mammalian  brains.  Attention  has  been  called  to  the  fibers 
of  the  crus  cerebri  which  are  seen  in  a  depression  on  the  lateral 
surface  of  the  telencephalon.  A  section  at  the  rostral  border  of 
this  region  (figs.  21,  34)  shows  two  great  bundles  of  fibers  cut 
in  cross  section,  the  lateral  forebrain  bundle  or  crus  and  the 
medial  forebrain  bundle.  The  fibers  of  the  crus  rise  in  fascicles 
(internal  capsule)  scattered  through  the  outer  part  of  the  thick 
latero-basal  wall  to  the  dorsal  ventricular  ridge  and  pallial  thick- 
ening. These  include  somatic  sensory  fibers  and  probably  also 
fibers  descending  to  the  motor  centers.     The  medial  bundle 
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consists  of  fibers  which  connect  the  olfactory  centers  with  the 
hypothalamus  and  lower  motor  correlation  centers.  From  this 
bundle  fibers  rise  radially  into  the  dense  cell  mass  forming  the 
floor  of  the  ventricle  (figs.  21  to  24,  34). 

The  whole  mass  in  the  laterq-basal  wall  is  the  corpus  striatum. 
It  consists  of  two  portions,  a  lateral  much  larger  part  containing 
large  cells  and  a  medial  smaller  part  containing  small  cells  (figs. 
21,  22).  The  coarser  fascicles  of  the  cms  rise  in  a  curve  through 
the  lateral  part  into  the  dorsal  ventricular  ridge  and  the  general 
pallium  (figs.  32,  33).  The  finer  fascicles  of  the  medial  bundle 
rise  in  almost  straight  lines  radially  in  the  rostral  end  of  the 
medial  part  (fig.  34).  In  man  the  condensation  of  the  pallial 
portion  of  the  cms  fibers  into  a  plat&<like  internal  capsule  has 
taken  place  within  a  lateral  large-celled  area,  the  greater  part  of 
which  is  situated  external  to  the  capsule  and  is  known  as  the 
lentiform  nucleus.  The  remainder  of  the  large  cells  together 
with  a  dense  small  celled  area  next  the  ventricle  constitute  the 
caudate  nucleus. 

In  the  turtle  the  large-celled  and  sniall-celled  areas  are  clearly 
distinct  from  one  another.  The  small-celled  area  will  be  called 
the  caudate  nucleus,  the  large-celled  area  the  lentiform  nucleus. 

The  caudate  nucleus  presents  well  marked  head  and  tail 
portions.  Far  rostrad  (fig.  26)  this  nucleus  forms  the  floor  of 
the  ventricle  between  the  ventral  and  middle  ventricular  grooves 
and  occupies  almost  the  entire  thickness  of  the  latero-basal 
wall.  At  its  medial  border  it  is  continuous  with  the  lateral 
parolfactory  nucleus.  This  relation  has  been  described  for  both 
reptiles  and  mammals  in  a  previous  paper  ('13b,  p.  389).  Its 
basal  surface  is  largely  covered  by  the  medial  forebrain  bundle 
from  which  fascicles  enter  the  caudate.  Followed  rostrad  in 
transverse  sections  the  caudate  is  seen  to  be  covered  in  by  the 
layers  of  the  olfactory  tubercle  which  are  continuous  with  the 
parolfactory  area  medially  and  the  pyriform  lobe  laterally 
(fig.  27).  In  these  layers  are  imbedded  the  olfactory  tract 
fibers  as  elsewhere  described.  Continuing  forward,  the  tuber- 
culum  and  olfactory  nuclei  increase  in  thickness  and  the  caudate 
grows  smaller  (fig.  28)  until  just  behind  the  peduncle  the  caudate 
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disappears.  It  is  this  rostral  end  of  the  caudate  nucleus  that  the 
writer  identifies  with  the  nucleus  olfactorius  anterior  of  Edii^er 
and  other  authors.  Following  sections  caudad,  the  sheet  of 
olfactory  fibers  and  cells  scarcely  disappear  from  the  surface 
of  the  caudate  until  large  cells  appear  in  the  lateral  wall  (fig.  26). 
Beneath  the  anterior  end  of  the  dorsal  ventricular  ridge  this  large- 
celled  nucleus  rapidly  grows  larger  and  the  caudate  smaller 
(figs.  22,  21)  until  the  caudate  is  confined  to  a  part  of  the  floor 
of  the  ventricle  adjacent  to  the  ventral  groove  (fig.  20).  From 
this  point  the  tail  of  the  caudate  extends  caudally  to  the  poii^t 
where  the  middle  ventricular  groove  bifurcates  (fig.  15,  10). 
Before  this  point  is  reached  the  caudate  is  in  connection  medially 
with  the  anterior  nucleus  region  of  the  thalamus  over  the  cms 
and  the  stria  medullaris  (figs.  17,  18).  The  caudate  then  grows 
thicker  and  merges  insensibly  with  the  small-celled  mass  of  the 
amygdaloid  complex  (nucleus  of  the  lateral  olfactory  tract) 
(figs.  15,  16).  The  caudate  then  disappears  from  t^e  sections, 
its  place  being  taken  by  an  area  of  neuropile.  Horizontal  and 
sagittal  sections  show  in  this  position  a  cell-free  zone  bounding 
the  caudate  behind,  which  corresponds  to  the  ventral  arm  of  the 
middle  ventricular  groove  a^  it  bends  down  into  the  temporal 
horn  of  the  ventriple. 

The  caudate  nucleus  throughout  its  whole  extent  consists  of 
small  cells  without  regular  arrangement.  In  its  head  portion  it 
receives  fibers  from  the  olfactory  tract  and  the  medial  forebrain 
bundle  and  gives  fibers  to  the  latter.  In  its  tail  portion  are 
imbedded  the  stria  terminalis  and  the  great  lateral  olfactory 
projection  tract  of  Cajal  (figs.  48,  49). 

A  peculiar  vesicular  structure  found  in  the  head  of  the  caudate 
and  in  the  lateral  parolfactory  nucleus  should  be  described  here. 
The  greater  number  of  these  structures  are  found  around  the 
depression  of  the  ventricle  which  extends  down  into  the  tuber- 
culum  but  some  are  foxmd  also  in  the  lateral  part  of  the  caudate 
not  far  from  the  middle  ventricular  groove.  At  first  sight  these 
structures  appear  to  be  clusters  of  small  cells  arranged  radially 
about  a  core  somewhat  like  clusters  of  grapes  about  the  stem. 
The  clusters  are  elongated  sometimes  in  the  plane  of  trai^verse 
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sections,  sometimes  obliquely  to  it.  In  the  latter  case  they  may 
extend  through  as  many  as  twelve  sections  ten  microns  in  thick- 
ness. When  the  clusters  are  cut  either  across  the  long  axis  or 
lengthwise  of  it,  the  core  is  almost  always  seen  to  contain  a 
lumen  around  which  the  cells  are  arranged  (fig.  35).  The  lumen 
is  bounded  by  a  strong  limiting  membrane  and  contains  more  or 
less  of  lightly  staining  material,  resembling  mucus.  Occasion- 
ally a  flattened  nucleus  is  seen  in  the  lumen. 

Jn  the  caudate  and  parolfactory  nuclei  these  vesicles  are 
found  only  near  the  ventricle  except  in  the  area  where  these  two 
nuclei  meet  beneatii  the  ventral  ventricular  groove.  Here  they 
are  found  farther  from  the  ventricle,  even  in  the  deeper  layer  of 
the  tuberculum  olfactorium.  In  this  region  these  vesicles  he 
adjacent  to  or  Intermingled  wiUi  the  islands  of  Calleja,  to  be 
described  below.  It  was  at  first  thought,  indeed,  that  these 
were  islands  of  a  special  type.  The  vesicular  arrai^ement  and 
other  characters  of  the  cells,  however,  differentiate  these  struc- 
tures sharply  from  the  islands  of  Calleja.  The  cells  are  typically 
columnar  and  radially  arranged  around  the  lumen,  the  nuclei 
usually  placed  near  the  peripheral  end  of  the  cells,  llie  cell- 
bodies  are  often  filled  with  small  granules  imlike  the  Nissl-bodies 
of  adjacent  nerve  cells.  The  nuclei  are  small,  ovoid  and  dense, 
resembling  those  of  ependyma  cells  rather  than  those  of  nerve 
cells.  There  are  often  larger  cells,  obviously  nervous,  wedged  in 
amoi^  or  closely  applied  to  the  outer  surface  of  the  small  cells 
of  the  vesicles.  Although  the  fascicles  of  nerve  fibers  in  the 
caudate  often  pass  close  oVer  the  surface  of  these  vesicles  and 
sometimes  diffuse  fibers  appear  to  run  ventrad  from  a  vesicle, 
I  have  not  foimd  in  Cajal  or  Golgi  sections  fibers  arising  from  the 
cells  of  the  vesicles. 

I  suspect  that  these  vesicles  are  composed  chiefly  of  ependyma 
cells  and  that  their  lumina  represent  vestiges  of  ventricular 
cavity  which  have  bpen  pinched  off  during  development.  This 
might  happen  owing  to  the  thickening  of  the  caudate  and  par- 
olfactory nuclei  and  consequent  encroachment  upon  the  ventral 
part  of  the  ventricle.  The  fact  that  these  cell  clusters  are  not 
penelxated  by  the  neuropile  (fig.  Z5)  and  the  fact  that  no  definite 
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fascicles  of  nerve  fibers  are  found  runnii^  to  or  from  them,  c,on- 
stitute  negative  evidence  as  to  their  nervous  function.  At  the 
same  time,  nerve  cells  are  often  found  closely  related  to  or  im- 
.  bedded  in  the  ependyma  and  further  study  will  be  necessary 
to  determine  the  origin,  character  and  significance  of  these 
structures. 

THE  LENTIFORM  NUCLEUS 

At  its  rostral  end  this  nucleus  appears  simply  as  scattered  lai^e 
cells,  outside  of  the  small-celled  caudate,  among  which  fascicles 
rise  from  the  cms  to  the  pallia!  thickening  in  the  rostral  part  of 
the  roof.  Beneath  the  rostral  end  of  the  dorsal  ridge  this  nucleus 
has  grown  to  a  large  body  in  the  lateral  wall  and  has  reached 
the  ventricle  (figs.  22,  23);  From  this  point  caudad  a  peculiar 
band  of  thickened  ependyma  covers  the  ventricular  surface  of 
this  nucleus  (figs,  15  to  22,  36).  This  thick  band  extends  some 
distance  below  the  middle  ventricular  groove  and  bends  round 
that  groove  into  its  dorsal  wall.  While  the  ependyma  elsewhere 
in  the  lateral  ventricle  has  from  one  to  three  rows  of  nuclei,  this 
band  consists  of  very  tall  cells  and  presents  as  many  as  seven  to 
nine  rows  of  nuclei.  The  peripheral  processes  of  these  cells  are 
strong  and  give  a  prominent  striation  to  the  adjoining  nucleus 
(figs.  36,  37).  The  cur\-ed  course  taken  by  these  processes  which 
come  from  the  dorsal  wall  of  the  middle  groove  (fig.  37)  shows 
that  the  groove  was  formed  within  the  ependymal  band  and  near 
the  border  of  this  nucleus.  It  also  shows  how  the  groove  has 
been  formed  during  the  development  of  the  individual  by  the 
pushing  in  of  the  dorsal  ridge  which  forced  this  border  of  the 
nucleus  to  be  bent  over.  This  thickened  ependyma  extends 
right  back  into  the  dorsal  branch  of  the  middle  ventricular  groove, 
where  it  quickly  disappears.  Throughout  its  length  this  thick- 
ened band  of  ependyma  covers  a  nucleus  whose  cells  are  dis- 
tinctly larger  and  usually  much  more  numerous  than  those  of  the 
adjoining  caudate. 

In  the  striatal  area  this  nucleus  makes  up  the  whole  thickness 
of  the  wall  and  is  traversed  by  the  fascicles  of  the  cms  as  above 
noted.     Toward  the  caudal  border  of  the  striatal  depression 
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(figs.  17,  16)  the  lentiform  nucleus  becomes  covered  externally 
by  a  layer  of  small  cells  which  reaches  from  the  pyriform  lobe  to 
the  amygdaloid  complex  and  will  be  described  below  as  the  nu- 
cleus of  the  lateral  olfactory  tract.  The  lentiform  nucleus  now 
decreases  in  volume  caudally,  contains  several  dense  collections 
of  cells  which  are  closely  related  to  the  thickened  ependyma  of 
the  middle  groove  (figs.  16,  33),  becomes  less  rich  in  cells  and 
finally  merges  with  the  central  core  of  the  dorsal  ventricular  ridge 
behind  the  end  of  the  middle  groove  (fig.14). 

Throughout  its  whole  length  the  lentiform  nucleus  is  sharply 
delimited  from  the  pyrifonn  lobe  and  (except  at  its  caudal  end) 
from  the  dorsal  ventricular  ridge,  by  cell-free  zones.  It  is  marked 
off  from  the  caudate  only  by  a  rather  sudden  change  from  large 
to  small  cells.  The  thickened  ependyma  covering  its  surface  is 
sometimes  separated  from  that  covering  the  caudate  by  a  slight, 
sharp  groove. 

Among  the  fascicles  of  the  internal  capsule  which  come  'rom 
the  sensory  bundle  of  the  crus  (see  later  section  on  the  pallium), 
are  found  many  cells  conspicuously  larger  than  the  ordinary 
cells  of  the  lentiform  nucleus.  The  position  of  these  is  indicated 
in  figures  18  and  19.  They  may  prove  of  importance  in  further 
comparisons  with  the  mammalian  brain. 

TUBERCULUM  OLFACTORIUM 

The  tuberculum  consists  of  a  cap  of  two  layers  of  cells  covering 
the  basal  surface  of  the  caudate  nucleus  at  its  rostral  end  (fig.  27). 
The  outer  layer  is  sparsely  filled  with  small  cells  and  is  closely 
related  at  its  medial  border  with  the  medial  parolfactory  nucleus 
and  at  its  lateral  border  with  the  pyriform  lobe  at  the  sulcus 
endorhinalis  (figs.  26,  27).  The  inner  layer  has  larger  cells  and 
is  characterized  by  the  grouping  into  islands  which  have  been 
described  by  Calleja  and  Cajal.  These  islands  are  for  the  most 
part  clustOTS  of  the  large  cells  of  the  deep  layer.  They  contain 
from  four  or  five  to  many  cells,  which  present  no  regularity  of 
arrangement.  The  cell  bodies  are  pear-shaped  or  stellate  and 
are  largely  fiUed  by  vesicular  nuclei  with  prominent  nucleoli. 
In  these  respects  they  do  not  differ  materially  from  the  cells 
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scattered  between  the  islands.  Some  of  the  cells  in  the  islands 
take  a  lighter,  more  transparent  and  brilliant  stain  in  neutral 
red  than  others. 

In  additjon  to  the  islands  of  large  cells  there  are  a  number  of 
dense  clusters  of  small  cells  which  are  undoubtedly  nerve  cells. 
These  clusters  do  not  present  a  core  or  lumen  and  the  neuropile 
does  not  shrink  away  leaving  a  clear  space  around  them  as  hap- 
pens in  the  case  of  ttie  vesicles  described  in  the  caudate  nucleus. 
The  true  islands  are  confined  to  the  deeper  layer  of  the  tuber- 
culum.  It  must  be  noted,  however,  that  the  tuberculum  extends 
into  the  medial  wall  and  merges  with  the  medial  parolfactory 
nucleus.  The  distribution  of  the  islands  may  arbitrarily  be  taken 
as  determining  the  extent  of  the  tuberculum.  The  greater 
number  of  islands  is  found  near  the  mediobasal  angle  and  they 
do  not  extend  far  laterally.  Caudally  the  islands  disappear 
from  the  basal  surface  where  the  medial  forebrain  bundle  collects 
(fig.  24)  and  are  found  farther  caudad  in  the  medial  wall. 

There  is  a  very  close  resemblance  between  the  tuberculum 
olfactorium  in  the  turtle  and  the  'superficial  basal  area'  described 
by  the  writer  in  selachians  (1911).  The  writer  was  unwilling 
at  that  time  to  give  the  name  tuberculum  olfactorium  to  this 
area  because  it  seemed  to  include  parts  of  the  medial  and  lateral 
olfactory  nuclei  and  the  region  corresponding  to  the  anterior 
perforate  space.  The  close  relation  of  the  tuberculum  to  medial 
and  lateral  olfactory  nuclei  is  common  throughout  vertebrates 
and  I  shall  present  evidence  at  another  time  that  the  tuber- 
culum and  anterior  perforate  space  are  by  no  means  wholly 
independent. 

ANTERIOR  PERFORATE  SPACE 

The  area  corresponding  to  the  anterior  perforate  space  of 
mammals  is  not  sharply  marked  off  in  the  turtle.  It  occupies 
the  caudal  part  of  the  basal  surface  of  the  large  rounded  promi- 
nence rostral  to  the  optic  chiasma.  The  rostral  half  of  this  sur- 
face shows  the  characteristics  of  the  olfactory  tubercle.  The 
caudal  half  lacks  these  peculiarities  and  is  largely  filled  by  the 
medial  forebrain  bundle. 
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DIAGONAL  BAND  OF  BROCA   AND  GYRUS  SUBCALLOSUS 

The  large  basa!  mass  which  includes  the  head  of  the  caudate, 
the  parolfactory  nuclei,  the  tuberculum  olfactorium  and  the  ante- 
rior perforate  space  appears  on  the  medial  surface  as  a  rounded 
area  (figs.  3,  6)  bounded  dorsally  and  caudaUy  by  a  groove  which 
descends  to  the  basal  surface,  bends  transversely,  and  disappears. 
This  groove,  as  the  further  description  will  make  clear,  is  the 
honaologue  of  the  fissura  prima  of  His. 

The  area  dorsal  to  the  horizontal  limb  of  this  fissure  is  the 
primordium  hippocampi  (Johnston  '13  b).  The  area  between 
the  fissure  and  the  lamina  terminalis  (fig.  6,  ff.8.)  is  occupied  by 
a  cell  mass  and  a  fiber  bundle  both  of  which  are  characteristic 
of  this  region  in  all  mammals  and  perhaps  in  all  vertebrates. 
In  a  previous  paper  ('13  b)  this  cell  mass  has  been  included  in 
the  description  of  the  medial  nucleus  parolfactorius  in  both  the 
turtle  and  mammals.  This  was  an  error.  Since  this  cell  mass 
hes  caudal  to  the  fissura  prima  in  mammals,  it  is  outside  the 
limits  of  the  parolfactory  area.  It  may  be  spoken  of  as  the 
nudeua  of  Va  diagonal  band.  In  mammals  this  consists  of  a 
thin  plate  of  closely  packed  cells  which  extends  from  a  point 
rostral  to  the  anterior  commissure  down  in  front  of  the  optic 
chiasma  and  caudad  on  the  latero-basal  surface  to  the  amygda- 
loid complex.  It  is  very  sharply  marked  in  the  rabbit  and  has 
been  figured  in  the  opossum  and  bat  ('13  b,  figs.  28,  42).  The 
distinction  between  this  nucleia  and  the  medial  parolfactory 
nucleus  is  shown  in  figure  46  of  the  paper  referred  to,  where  th^ 
nucleus  consists  of  small  cells  rostral  to  the  anterior  commissure 
and  is  not  separately  labelled.  The  cell-free  zone  between  this 
and  the  medial  parolfactory  nucleus  corresponds  to  the  fissura 
prima. 

In  the  turtle  the  same  plate  of  cells  is  found  (figs.  20,  21) 
occupying  the  medial  surface  rostral  to  the  anterior  commissure 
and  extending  down  close  in  front  of  the  preoptic  recess,  near  the 
large-celled  supraoptic  nucleus  (fig.  19),  and  continuing  later- 
ally and  caudally  ectal  to  the  medial  forebrain  bimdle  (fig.  18) 
until  it  expands  into  the'large  anterior  nucleus  of  the  amygdaloid 
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complex  from  which  arises  the  great  olfactory  projection  tract 
(fig.  17).  The  relations  to  the  amygdaloid  will  be  further  de- 
scribed in  the  next  section.  The  extreme  rostral  and  upper  end 
of  this  nucleus  is  the  very  dense  collection  of  cells  seen  near  the 
recessus  superior  in  figures  19  and  39.  There  is  no  break  in  the 
continuity  of  the  nucleus  described  but  on  the  basal  surface  in 
front  of  the  optic  chiasma  and  lateral  to  the  optic  tract,  the 
nxmiber  of  cells  is  much  less  than  in  the  medial  wall.  Through- 
out the  length  of  the  nucleus  its  cells  are  small  and  are  some- 
what elongated  in  the  direction  of  the  densely  packed  bundle  of 
fine  fibers  among  which  they  lie. 

The  fibers  in  question  enter  into  the  precommissural  bundles 
of  the  fornix  system  in  the  medial  wall.  They  are  the  olfactory 
radiations  of  Zuckerkandl  and  constitute  the  chief  pathway 
from  the  amygdaloid  region  to  the  hippocampus.  Compare 
'13  b,  p.  410.  From  the  amygdaloid  forward  along  the  basal 
surface  these  fibers  form  a  low  ridge  parallel  with  the  optic  tract 
{figs.  1,  8,  19)  and  in  this  position  the  bundle  is  clearly  visible  in 
the  entire  brain  (fig.  2).  The  bundle  is  clearly  distinct  from 
the  medial  forebrain  bundle  which  Ues  ental  to  this.  In  front 
of  the  optic  chiasma  the  bundle  is  seen  to  be  composed  of  two 
parts,  one  of  which  is  derived  from  the  medial  olfactory  tract  as 
above  described,  while  the  other  bends  up  into  the  medial  wall, 
spreads  out  in  the  area  between  the  fissura  prima  and  the  com- 
missures, and  enters  the  hippocampus  (figs.  56,  57).  The  tri- 
angular area  between  the  fissura  prima  and  the  commissures  in 
which  this  bundle  spreads  out  like  a  fan  is  the  equivalent  of  the 
mammalian  gyrus  subcallosus.  Lateral  to  the  optic  chiasma 
this  bundle  passes  close  to  the  supra-optic  nucleus  and  there 
seems  to  be  a  connection  between  the  two  which  has  not  yet 
been  carefully  studied. 

The  homology  of  the  area  described  in  this  section  with  the 
gyrus  subcallosus  and  the  diagonal  band  of  the  mammalian 
brain  is  obvious.  Its  chief  morphological  significance  is  that  it 
represents  the  persistence  of  the  preoptic  and  precommissural 
connection  between  the  medial  olfactory  area  and  hippocampus 
on  the  one  hand  and  the  lateral  olfactory  area  and  amygdaloid 
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complex  on  the  other  hand.  In  the  ichthyopsid  brain  where* 
the  temporal  pole  has  not  yet  been  formed,  the  continuity  of  the 
corresponding  regions  is  broad  and  direct.  The  size  and  func- 
tional importance  of  this  connection  in  reptiles  and  mammals 
is  of  great  significance  for  the  explanation  of  the  evolution  of  the 
temporal  pole  and  the  general  pallium. 

LOBOS  PYRIF0RMI8 

As  already  indicated  the  pyriform  lobe  forms  a  somewhat 
prominent  ridge  along  the  dorso-lateral  surface  of  the  hemi- 
sphere, extending  from  the  olfactory  peduncle  into  the  caudal 
pole.  It  is  separated  from  the  general  pallium  dorsally  by  the 
fissura  rhinalis.  Rostrad  this  fissure  runs  obliquely  mesad  and 
joins  the  pedimcular  groove  or  constriction  as  it  bends  down  into 
the  medial  wall.  CaudaUy  the  fissura  rhinalis  presents  consider- 
able individual  variation  in  its  depth  and  length.  Usually  it 
fades  away  at  about  the  middle  of  the  hemisphere  (fig.  1)  so  that 
there  is  no  gross  boundary  line  between  the  caudal  part  of  the 
pyriform  lobe  and  the  general  pallium.  In  the  rostral  part  of  the 
hemisphere  a  slight  stdci^  endorhinalis  approximately  marks  the 
boundary  between  the  pyriform  lobe  and  the  area  occupied  by 
the  tuberculum  and  corpus  striatum  (figs.  22  to  26).  The  caudal 
continuation  of  this  sulcus  becomes  much  deeper  between  the 
pyriform  lobe  and  the  striatal  area  (fig.  1)  and  bends  down 
between  the  striatal  area  and  the  amygdaloid  prominence.  At 
the  point  of  bending  is  the  deepest  part  of  this  groove  and  from 
this  point  the  amygdaloid  fissure  extends  caudad  as  above 
described. 

The  pyriform  lobe  consists  of  the  lateral  olfactory  tract  and 
the  special  gray  matter  accompanying  the  tract.  Sections 
through  the  middle  or  rostral  part  of  the  lobe  (figs.  19,  25)  show 
that  it  consists  of  a  superficial  fiber  layer  and  a  deeper  plate  of 
cells  and  that  it  is  everywhere  very  clearly  and  sharply  separated 
from  the  border  of  the  pallium,  the  dorsal  ventricular  ridge  and 
the  lenticular  nucleus  by  a  cell-free  zone.  This  cell-free  zone  is 
more  sharply  marked  than  any  other  in  the  brain. 
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The  outer  surface  of  the  lobe  is  covered  by  a  continuous  sheet 
of  fibers  of  the  lateral'  olfactory  tract.  These  arise  in  larger 
part  from  the  lateral  wall  of  the  olfactory  bulb  and  in  smaller 
part  from  the  dorsal  and  medial  wall.  The  former  fibers  enter 
the  extreme  rostral  end  of  the  pyrif  orm  lobe  on  the  lateral  sur- 
face of  the  peduncle;  the  latter  cross  from  the  medial  to  the 
lateral  side  in  the  peduncular  groove  on  the  dorsal  surface  and 
join  the  former  fibers  to  make  up  the  common  tract  (figs.  55,  56). 

Just  behind  the  peduncular  constriction  the  pyriform  lobe 
appears  to  thicken  rapidly.  This  thickening  forms  a  conspicu- 
ous rounded  prominence  on  the  dorso-lateral  surface  of  the 
hemisphere  (figs.  26,  5).  The  arrangement  and  relations  of  the 
cell  masses  in  this  prominence  show  at  once  that  it  is  made  up 
of  two  parts.  The  surface  layer  of  cells  belongs  to  the  pyriform 
lobe  and  is  no  thicker  here  than  elsewhere.  The  elevation  here 
is  due  to  the  deep  layer  of  cells  which  is  the  thickened  lateral 
border  of  the  general  pallium  (figs.  24,  25,  26).  This  is  indeed  a 
lateral  extension  of  the  dorsal  pallial  thickening,  which  lies 
beneath  the  pyriform  lobe  as  the  lateral  border  of  the  pallium 
does  throughout  the  rostral  two-thirds  of  the  lobe.  The  pyri- 
form lobe,  then,  is  not  actually  thickened  but  is  merely  bulged 
out  by  the  thickening  of  a  pallial  formation  beneath. 

The  majority  of  cells  in  the  pyriform  lobe  are  large  multipolar 
cells  with  large  dendrites.  In  regard  to  this  a  comparison  of  the 
pyriform  lobe  with  other  parts  of  the  forebrain  reminds  one  of 
the  comparison  between  Deiters'  nucleus  and  adjacent  nuclei 
in  the  medulla  oblongata.  The  cells  are  noticeably  larger  in  the 
rostral  half  of  the  lobe  than  in  the  caudal,  the  largest  cells  and 
the  greatest  proportion  of  large  cells  being  found  just  behind  the 
prominence  above  mentioned.  In  the  caudal  part  the  cells 
become  distinctly  smaller  and  where  the  lobe  broadens  out  to 
form  the  lateral  wall  of  the  ventricle,  the  cells  take  on  pyra- 
midal forms  much  like  the  cells  of  the  general  palliiun  or  the 
hippocampus. 

Throughout  the  rostral  half  of  the  pyriform  lobe  small  cells 
are  almost  wholly  confined  to  its  ventral  portion  (figs.  19,  25, 40). 
These  small  cells  extend  somewhat  below  the  sulcus  endorhinalis. 
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and  the  cell-free  zone,  which  accurately  marks  the  boundary 
of  the  lobe,  meets  the  surface  ventral  to  the  sulcus  endorhinalis. 
This  sulcus  is  therefore  actually  within  the  area  of  the  pyriform 
lobe.  At  the  caudal  border  of  the  striatal  area  the  band  of  small 
cells  along  the  ventral  border  of  the  pyriform  lobe  spreads  ven- 
trad  in  a  broad  sheet  across  the  base  of  the  amygdaloid  fissure 
(fig.  5)  and  expands  into  a  large  nucleus  of  small  cells  occupying 
the  lateral  and  rostral  part  of  the  amygdaloid  prominence  (figs. 
17,  16).  This  sheet  of  small  cells  is  accompanied  by  a  lai^ 
bundle  of  fibers  from  the  lateral  olfactory  tract  which  ends  in 
this  nucleus.  This  is  the  nucleus  of  the  lateral  olfactory  tract 
(flp.  5,  17). 

A  further  examination  of  the  relations  of  the  small  cells  in  the 
pyriform  lobe  shows  that  essentially  two  nuclei  or  two  cell  groups 
are  to  be  distinguished.  The  small  cells  in  the  region  of  the 
amygdaloid  fissure  are  very  clearly  separated  from  the  large- 
celled  part  of  the  lobe  by  a  space  or  cell-free  zone  (figs.  15, 16, 17). 
Farther  forward  although  there  is  no  space  separating  them, 
the  small  cells  do  not  mingle  with  the  large  cells  and  the  small- 
celled  band  becomes  continuous  with  the  superficial  layer  of  the 
tuberculum  and  throu(^  that  with  tiie  medial  olfactory  nucleus 
(fig.  26).  The  large-celled  nucleus,  on  the  other  hand,  maiu- 
lauis  its  identity  rostrad  to  the  peduncle  as  already  described 
(fig.  28).  Moreover,  the  location  of  the  small  cells  below  the 
endorhinal  sulcus  gains  significance  from  the  fact  that  at  the 
level  of  the  tuberculum  liie  small-celled  band  spreads  ventrally 
to  become  continuous  with  the  superficial  layer  of  the  tuberculum. 
The  cell-free  zone  which  limits  the  pyriform  lobe  internally  now 
becomes  continuous  with  the  limiting  zone  which  appears  between 
the  caudate  siUcus  and  the  layers  of  the  tuberculiun  (figs.  26,  27). 

These  relations  when  siunmed  up  with  the  description  that  has 
gone  before  show  that  there  is  a  continuous  area  of  small-celled 
olfactory  nuclei  comprising  the  medial  parolfactory  nucleus,  the 
superficial  layer  of  the  tuberculum,  the  small-celled  band  of  the 
pyriform  lobe,  the  small-celled  nucleus  of  the  amygdaloid  complex 
and  the  nucleus  of  the  diagonal  band.  These  together  constitute 
a  continuous  ring  which  surroimds  the  crucial-striatal  area. 
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The  whole  of  this  ring  receives  fibers  from  either  the  lateral  or 
medial  olfactory  tract.  This  continuous  complex  of  small- 
celled  nuclei  seems  to  serve  as  an  intermediate  selecting  and 
distributing  station  through  which  olfactory  impulses  are  for- 
warded to  the  cortical  center  for  sensation,  the  hippocampus; 
or  to  one  of  the  motor  correlation  centers  in  the  diencephalon, 
or  to  centers  lower  down  the  brain  stem  (compare  Johnston  '15a). 
The  greater  part  of  the  pyriform  lobe  made  up  of  large  cells  is 
probably  concerned  with  olfacto-somatic  correlation.  Other 
places  for  correlation  of  olfactory  and  somatic  impressions  are 
probably  found  in  the  amygdaloid  complex  and  in  the  hippo- 
campus (subiculum)-.  The  distribution  of  lai^e  cells  in  the 
pyriform  lobe  probably  gains  significance  from  their  relation  to 
the  palUal  thickening. 

The  boimdary  line  between  the  pyriform  lobe  and  the  general 
palhum  is  less  distinct  in  the  caudal  part  than  elsewhere.  As 
the  pyriform  lobe  is  followed  caudad  in  sections  to  the  point 
where  it  forms  the  whole  thickness  of  a  part  of  the  wall  of  the 
ventricle  (figs.  13  to  15)  the  cell-free  zone  at  first  continues  as  a 
very  clear  oblique  dividing  line  in  this  wall  (fig.  14).  This  over- 
lapping of  the  general  pallium  by  the  border  of  the  pyriform  lobe 
is  very  characteristic.  This  dorsal  border  of  the  lobe  rises  dorsally 
in  its  caudal  portion  as  the  model  clearly  shows  (fig.  5).  In 
transverse  sections  through  the  region  ia  which  the  small-celled 
portion  of  the  pyriform  lobe  spreads  ventrad  to  merge  with  the 
nucleus  of  the  lateral  olfactory  tract,  the  cell  masses  of  the 
dorsal  ventricular  ridge  begin  to  be  connected  by  a  thick  cun'ed 
layer  of  cells  with  what  appears  to  be  the  cell  layer  of  the  pyri- 
form lobe  in  the  lateral  wall  (fig.  15).  When  this  relation  is 
studied  in  sections  farther  caudad  (figs.  11,  12)  it  is  clearly  seen 
that  it  is  the  general  pallium  which  thus  enters  into  continuity 
with  the  ventricular  ridge.  In  transverse  sections  there  is  no 
sharp  boundary  between  pyriform  lobe  and  general  pallium. 
It  is  noticed,  however,  that  there  is  a  narrow  portion  of  the  wall 
adjacent  to  the  dorsal  boundary  of  the  lobe  in  which  the  cells 
are  placed  close  to  the  ventricular  siirface  (fig.  12).  The  oblique 
line  boimding  the  lobe  dorsally  at  length  gives  way  to  a  narrow 
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area  in  which  the  cells  of  ihe  lobe  meet  those  of  the  pallium  above 
in  a  confused  mass.  The  ventro-caudal  margiQ  is  not  clear. 
Sections  give  the  impression  that  the  pyriform  lobe  merges  in- 
sensibly with  the  general  pallium  in  this  region.  In  the  model 
this  boundary  has  been  fixed  arbitrarily. 

THE  AMYGDALOID  COMPLEX 

When  the  hemisphere  of  the  'turtle  brain  is  viewed  from  the 
lateral  and  basal  aspects  (figs.  1,  2,  5,  6)  the  region  which  is 
occupied  in  part  by  the  amygdaloid  complex  appears  as  a  basal 
prominence  similar  to  the  temporal  pole  of  the  mammalian  brain. 
It  is  bounded  rostraUy  by  the  crucial-striatal  area,  medially  by 
the  optic  tract  and  thalamus  and  laterally  by  the  amygdaloid 
fissure.  Caudally  this  prominence  passes  insensibly  into  the 
rounded  caudal  pole. 

Nucleus  of  the  lateral  olfactory  trad.  As  above  described, 
a  part  of  the  lateral  olfactory  tract  bends  down  across  the  amyg- 
daloid fissure  just  caudal  to  the  striatal  area  and  ends  in  the 
lateral  border  and  rostral  tip  of  the  amygdaloid  prominence 
(fig.  8).  This  region  is  therefore  clearly  homologous  with  the 
nucleus  of  the  lateral  olfactory  tract  in  the  mammalian  brain. 
This  nucleus  is  composed  of  small  cells  which  occupy  the  tip 
and  lateral  part  of  the  amygdaloid  prominence  and  extend  in  a 
thin  layer  across  the  amygdaloid  fissure  to  meet  in  a  thickened 
border  the  large-celled  nucleus  of  the  pyriform  lobe  (figs.  16,  17). 
The  two  nuclei  are  separated  by  a  cell-free  zone  and  this  con- 
dition continues  back  to  the  end  of  the  nucleus  (fig.  13).  At 
the  caudal  border  of  the  striatal  area  the  thin  layer  of  small 
cells  is  traversed  by  the  fibers  of  the  lateral  olfactory  tract  which 
bend  down  into  this  nucleus,  and  by  numerous  fibers  from  the 
pyriform  lobe  which  pass  over  the  surface  of  the  nucleus  to  join 
the  stria  medullaris  (fig.  56).  From  the  tip  of  the  amygdaloid 
prominence  the  fibers  of  the  diagonal  band  go  forward  as  above 
described.  These  are  also  mingled  with  the  stria  medullaris. 
At  the  same  time  the  small  cells  of  the  diagonal  band  merge  with 
the  small-celled  nucleus  of  the  lateral  olfactory  tract  (fig.  17)  J 
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Where  the  thin  layer  of  small  cells  forms  the  boimdary  of  the 
striatal  area  it  covers  in  the  large-celled  lateral  nucleus  of  the 
corpus  striatum  (nucleus  lentiformis)  (fig.  16).  In  transverse 
sections  the  nucleus  lentifonnis  is  followed  caudad  for  some 
distance  beyond  this,  always  traversed  by  bundles  of  crucial 
fibers  which  are  bending  up  into  the  pallium  and  the  dorsal 
ventricular  ridge.  The  nucleus  lentiformis  gradually  grows 
smaller  and  is  replaced  by  the  small-celled  nucleus  which  grows 
thicker  caudally  and  enters  into  close  relations  with  the  caudate 
nucleus.  Indeed,  in  its  rostral  portion  the  entire  amygdaloid 
eminence  is  filled  with  small  cells,  the  ventricular  portion  being 
the  caudate  nucleus,  the  superficial  portion  being  the  enlarged 
continuation  of  the  nucleus  of  the  lateral  olfactory  tract  (fig.  17). 

Relations  of  the  caudate  nucleus.  It  has  been  stated  that  the 
caudate  ends  about  opposite  the  end  of  the  middle  ventricular 
groove  and  is  bounded  by  the  branch  of  that  groove  which 
bends  down  into  the  temporal  horn  of  the  ventricle.  Here  the 
caudate  merges  with  the  nucleus  of  the  lateral  olfactory  tract  in 
a  small-celled  mass  which  constitutes  the  chief  part  of  the  amyg- 
daloid complex.  In  the  lizards  this  mass,  or  the  caudate  part  of 
it,  is  greatly  enlarged  and  forms  a  prominent  lobe  or  ridge  in  the 
ventricle.  C.  L.  Herrick  showed  that  this  was  an  important 
olfactory  center  and  it  is  this  lobe  which  was  first  called  epistri- 
atum  by  Edinger.  It  was  this  body  whose  relations  very  natu- 
rally BU^ested  to  Kappers  ('08)  that  the  epistriatum  of  lower 
vertebrates  formed  or  entered  into  the  amygdaloid  complex  of 
mammals.  In  the  turtle  this  body  is  simply  a  part  of  the  amyg- 
daloid complex  without  hypertrophy.  However,  if  all  the  other 
structures  to  which  the  term  epistriatiun  has  been  applied  were 
to  be  gathered  into  it,  the  amygdaloid  complex  would  be  a 
veritable  museum! 

The  caudate  nucleus  at  its  rostral  end  is  closely  related  to  the 
olfactory  tubercle  and  parolfactory  area  and  receives  fibers 
from  the  medial  olfactory  tract.  At  its  caudal  end  it  enters 
into  close  relations  with  the  nucleus  of  the  lateral  olfactory  tract 
and  helps  to  form  the  olfactory  part  of  the  amygdaloid  complex. 
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Medial  large-celled  nucleus.  la  sections  through  the  rostral 
part  of  the  amygdaloid  complex  the  small-celled  mass  is  covered 
basally  by  a  roimded  cap  consLsting  almost  wholly  of  ueuropile 
(figs.  16, 42),  only  a  few  medium  sized  cells  being  imbedded  in  it. 
This  neuropOe  is  formed  by  the  interlacing  stria  medullaris, 
lateral  olfactory  tract  and  olfactory  radiations  as  above  de- 
scribed. As  the  sections  are  followed  caudally  the  cells  in  this 
ueuropile  increase  in  number  and  size  until  a  conspicuous  nucleus 
forms  the  basal  portion  of  the  complex  (figs.  15,  43).  This  is  the 
condition  in  sections  which  pass  through  the  caudal  border  of  the 
stria  medullaris.  Just  caudal  to  this  (figs.  14,  44)  the  temporal 
horn  of  the  ventricle  penetrates  this  nucleus.  Farther  cau- 
dally the  large  cells  are  all  found  in  the  lateral  or  amygdaloid  wall 
of  the  ventricle  while  the  hippocampal  formation  and  fimbria 
appear  in  the  medial  wall.  The  large-celled  nucleus  lies  ventral 
to  the  tail  of  the  caudate  nucleus.  This  is  the  region  in  which 
the  tail  of  the  caudate  merges  with  the  small-celled  nucleus  of 
the  lateral  olfactory  tract.  Following  the  sections  caudad, 
the  caudate  rapidly  diminishes  and  the  lai^e-celled  nucleus 
spreads  farther  dorsad  in  the  large  ventricular  ridge  (figs.  13,  45). 
At  the  same  time  the  nucleus  of  the  lateral  olfactory  tract 
grows  smaller  and  appears  as  a  rather  dense  mass  of  cells  near  the 
amygdaloid  fissure.  Now  there  appears  in  the  ventral  wall 
between  this  and  the  hippocampus  an  area  of  scattered  cells 
which  on  being  followed  further  caudad  is  found  to  belong  to 
the  general  pallium  (which  see).  By  the  time  this  condition 
is  reached  the  caudate  has  entirely  disappeared  from  the  sections 
and  the  lai^e-celled  nucleus  has  spread  dorsad  to  the  level  of  the 
dorsal  branch  of  the  middle  ventricular  groove.  Here  this  nu- 
cleus constitutes  a  ventricular  layer  of  large  cells  rather  closely 
packed  but  not  arranged  in  clusters  as  are  the  cells  of  the  dorsal 
part  of  the  dorsal  ventricular  ridge.  Further  from  the  ventricle 
the  lower  part  of  the  ridge  is  filled  by  the  same  irregularly  placed 
cells  as  are  found  in  the  dorsal  part.  Both  these  and  the  ventric- 
ular layer  of  large  cells  merge  with  the  general  pallium  in  the 
ventral  wall.     The  ventricular  layer  representing   the  large- 
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celled  nucleus  continues  over  the  medial  surface  of  the  basal 
lobe  of  the  ridge  to  its  caudal  end. 

Further  evidence  as  to  the  individuality  of  this  nucleus  is 
found  in  its  fiber  connections.  Only  the  general  disposition  of 
its  chief  tract  will  be  described  here.  In  the  extreme  tip  of  the 
temporal  horn  of  the  ventricle  (figs,  10,  13,  14)  is  seen  a  small 
ridge  which  follows  the  ventro-rostral  border  of  this  nucleus. 
It  is  clearly  seen  in  the  model  and  in  sections  in  all  planes.  This 
ri(^e  is  composed  chiefly  of  .fibers  which  run  caudad  over  the 
medial  surface  of  this  nucleus.  In  addition  to  the  bundle  which 
forms  the  ridge  there  is  a  thin  sheet  of  fibers  in  small  fascicles 
covering  the  whole  medial  face  of  this  nucleus.  All  of  these  fibers 
gradually  disappear  as  they  are  traced  caudad  over  this  nucleus, 
in  which  they  have  either  their  origin  or  endii^.  Traced  rostrad 
all  these  fibers  pass  through  the  tail  of  the  caudate  as  a  thick 
bundle.  Here  the  bundle  is  just  lateral  (internal)  to  the  stria 
medullaris  as  that  bundle  rises  from  the  nucleus  of  the  lateral 
olfactory  tract  to  enter  the  thalamus.  The  bundle  here  described 
now  forms  the  most  compact  part  of  the  stria  terminalis  and  in 
addition  a  large  part  of  its  fibers  go  forward  diffusely  in  the  3ut>- 
stance  of  the  caudate  nucleus.  A  further  discussion  of  tiie 
relations  of  this  bundle  will  be  reserved  for  a  later  study  of  the 
stria  terminalis  system.  It  is  evident,  however,  from  the  facts 
given,  that  what  is  here  described  as  the  medial  lai^e-celled 
nucleus  belongs  to  the  amygdaloid  complex  and  the  distribution 
of  the  stria  terminalis  bundle  confirms  the  observations  as  to  its 
extent,  based  upon  the  character  and  grouping  of  cells. 

Dorsal  ventricular  ridge.  Farther  caudally  in  transverse 
sections  the  ventricle  pushes  around  both  laterally  and  ven- 
trally  until  the  whole  ventricular  ridge  is  seen  attached  to  a 
pallial  wall  and  no  longer  to  the  brain  stem  (figs.  11,  12).  In 
this  pallial  wall  the  extent  of  the  general  pallium  and  hippo- 
campal  formation  can  be  made  out,  at  least  roughly,  as  repre- 
sented in  the  model.  The  dense,  deep  layer  of  cells  of  the  pallium 
turns  into  the  ventricular  ridge  where  it  is  continued  by  layere 
of  cells  lying  adjacent  to  the  ventricle.  The  sparsely  scattered 
cells  in  the  outer  part  of  the  pallial  wall  are  continued  into  the 
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core  of  the  ventricular  ridge  where  they  are  somewhat  more 
compactly  arranged  than  in  the  pallimn.  The  section  passes 
through  the  caudal  part  of  the  apiygdaloid  fissure.  It  is  readily 
seen  that  the  ventricular  ridge  corresponds  to  the  external  groove 
and  that  the  fissure  is  a  true  fold  of  the  brain  wall.  Examina- 
tion of  the  relations  of  all  parts  of  the  dorsal  ric^e  givos  the  im- 
pression that  the  ridge  is  an  infolding  of  the  brain  wall  from 
this  region  and  that  it  has  pushed  forward  well  toward  the 
rostral  end  of  tihe  hemisphere.  Its  cell  layers  come  into  continu- 
ity with  those  of  the  pallium  here  in  the  amygdaloid  fissure  and 
with  no  other  nucleus  whatever.  They  are  shajply  distingui^ed 
from  those  of  the  caudate  and  lenticular  nuclei  and  from  the 
pyriform  lobe  and  are  usually  separated  from  these  by  cell-free 
zones  (figs.  11  to  22).  In  its  rostral  part  the  ridge  is  sharply 
separated  from  all  other  cell  masses  and  projects  freely  into  the 
ventricle. 

In  a  transverse  section  taken  at  the  level  of  the  stria  medullaris 
the  cells  in  this  ridge  present  the  arrangement  seen  in  figure  16. 
All  around  the  ventricular  surface  are  a  great  number  of  large 
and  small  clusters  of  cells.  Some  of  these  clusters  are  laj-ge, 
rounded  and  have  a  definite  outline.  Othera  are  very  irregular 
and  their  outlying  cells  mingle  with  the  scattered  cells  between 
the  clusters.  The  individual  cells  of  the  clusters  do  not  differ 
materially  in  size  from  those  of  the  adjacent  general  pallium  but 
are  conspicuously  larger  than  those  in  any  other  part  of  the  same 
section.  In  the  Iowot  part  of  the  ridge,  adjacent  to  the  middle 
ventricular  groove,  there  is  a  tendency  for  the  cells  to  be  closely 
a^^regated  in  a  Jarge  area  without  special  clusters. 

The  core  or  central  part  of  the  ridge  is  lai^ly  filled  by  fibers 
among  which  are  scattered  cells.  These  cells  are  smaller  than 
those  of  the  clusters.  The  ventral  part  of  this  area  is  encroached 
upon  by  the  lentiform  nucleus  and  by  the  main  body  of  fibers 
entering  or  leaving  the  ridge  (figs.  15  to  22).  The  dorsal  part  of 
the  central  area  of  the  ridge  contains  a  lai^er  number  of  cells 
almost  evenly  scattered.  Many  of  these  cells  approach  in  size 
those  of  the  clusters.  This  part  has  almost  the  appearance  of 
an  independent  cell-mass  and  for  convenience  may  be  called  the 
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core-nucleus.  It  extends  through  nearly  the  whole  lei^h  of  the 
ridge  as  a  large,  somewhat  quadrilateral  area  bounded  laterally 
by  the  pyriform  lobe  and  centrally  by  the  cell  clusters  of  the 
ventricular  layer  Dorsally  it  is  separated  from  the  thickened 
border  of  the  general  pallium  by  a  cell-free  zone  of  fibers  and 
ventrally  it  is  bounded  by  the  chief  fiber  mass  in  the  center  of 
the  ridge.  Toward  the  rostral  end  of  the  ridge  this  body  of  cells 
becomes  separated  into  two  masses  in  the  transverse  section, 
owing  to  the  general  pallium  and  lentiform  nucleus  prising  into 
it  from  above  and  below  respectively  (fig.  22).  Caudally  this 
mass  of  cells  becomes  less  distinct  and  merges  with  the  super- 
ficial cells  of  the  general  cortex  as  noted  at  first.  Throughout 
the  greater  part  of  its  length  this  core-nucleus  is  penetrated  by 
numerous  fibers  which  pass  up  from  the  internal  capsule  to  the 
thickened  lateral  border  of  the  general  pallium.  Although  only 
a  few  such  fibers  are  seen  in  Weigert  sections,  a  great  number 
of  non-medullated  fibers  take  this  course  and  they  are  very 
conspicuous  in  Cajal  preparations. 

Comparison  of  the  turtle  brain  with  that  of  some  lower  mam- 
mals leads  to  the  suggestion  that  the  dorsal  ventricular  ridge  is 
the  homologue  of  one  of  the  cell  masses  which  constitute  the 
amygdaloid  complex  in  majnmals.  This  is  entirely  independent  of 
the  homology  of  the  'epistriatum'  with  the  amygdaloid  body  sug- 
gested by  Kappers  and  others.  This  ventricular  ridge  is  a  wholly 
diiTerent  structure  from  the  'epistriatum'  of  Kappers.  This 
matter  will  be  discussed  in  a  later  paper  dealing  with  the  amyg- 
daloid complex  in  the  opossum  and  some  mammals.  To  follow 
the  comparison  here  would  lead  beyond  the  limits  of  this  paper. 

The  amygdaloid  complex  in  the  turtle  includes  the  following 
structures:  the  nucleus  of  the  lateral  olfactory  tract,  the  tail  of 
the  caudate  nucleus,  the  medial  lai^e-celled  nucleus  and  prob- 
ably the  dorsal  ventricular  ridge.  The  amygdaloid  eminence 
in  the  temporal  pole  is  encroached  upon  by  both  the  hippo- 
campus and  the  general  paUium.  The  amygdaloid  complex 
has  related  to  it  the  lateral  olfactory  tract,  a  bundle  of  the  medial 
olfactory  tract,  the  bundle  of  the  diagonal  band,  the  stria  medul- 


,d.y  Google 


CELL  MASSES   IN  THE   FOKEBRAIN  419 

laris,  the  stria  terminalis,  fibers  of  the  sensory  radiations  from 
the  tiialamus,  an  olfacto-hypothalamic  projection  tract,  and  an 
anterior  coimuissiire  bundle. 

The  simple  enumeration  of  these  tracts  shows  that  while  the 
amygdaloid  complex  in  mammals  is  a  compact  collection  of  cell 
masses  occupying  a  restricted  area  in  the  temporal  pole,  it  is  a 
complex  of  very  diverse  elements  which  have  been  brought 
together  by  mechanical  forces  and  have  no  primary  fimctional 
unity. 

The  extent  qf  the  hippocampal  formation.  The  morphological 
relations  of  the  hippocampal  formation  have  been  treated  with 
some  fulness  in  a  previous  paper  ('13  b).  There  is  now  to  be 
noticed  the  boundary  between  hippocampus  and  general  pallium 
and  the  relation  of  the  hippocampal  formation  to  the  amygdaloid 
complex.  In  the  rostral  part  of  the  hem^phere  the  characters 
shown  in  figiu^  47  enable  us  to  fix  the  botmdary  of  the  hippo- 
campus with  some  degree  of  acciiracy  on  the  basis  of  cell  arrange- 
ment. Above  the  fimbrio-dentate  sulcus,  which  separates  the 
homologue  of  the  fascia  dentata  from  the  primordium  hippo- 
campi and  fimbria,  there  are  first  pyramidal  cells  compactly 
arranged  in  a  ventricular  layer  with  few  peripheral  cells.  The 
cells  are  smaller  than  the  cells  in  most  parts  of  the  general  pallium 
but  are  neither  so  small  nor  so  closely  crowded  as  the  cells  in 
the  deep  layers  in  the  middle  part  of  the  dorsal  pallium  in  this 
region.  This  is  the  portion  which  is  now  generally  accepted  as 
the  homologue  of  the  fascia  dentata  of  mammals.  There  is  no 
clear  separation  or  distinction  between  fascia  dentata  and  hippo- 
campus in  this  tiutle's  brain. 

Dorsal  to  this,  the  cells  in  the  medial  wall  are  less  closely 
arranged,  appear  larger  and  are  less  deeply  stained.  Many  cells 
here  are  placed  far  from  Gie  ventricle,  even  lying  in  the  outer 
half  of  the  wall.  Many  cells  adjacent  to  the  ventricle  are  dis- 
tinctly pyramidal  in  form  and  have  lai^e,  dominating  apical 
dendrites.  This  loose  arrangement  of  cells  rather  suddenly 
gives  way  to  a  compact  arrangement  near  the  dorso-medial 
angle  of  the  hemisphere.     The  dorsal  area  of  compact  cells  will 
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,  be  described  as  part  of  the  general  pallium.  The  area  of  loose 
cells  probably  belongs  to  the  hippocampal  formation  and  the 
transitional  region  called  the  subiculum. 

As  transverse  sections  are  followed  caudad  the  area  which  is 
here  assigned  to  hippocampal  formation  and  subictilutn  grows 
rapidly  wider.  There  is  nowhere  a  sharp  line  of  demarcation 
between  hippocampus 'and  general  paUitmi,  and  none  is  to  be 
expected.  There  is  everywhere  noticeable  the  point  at  which 
the  deep  cell  layer  becomes  abruptly  more  compact.  This  point 
has  been  taken  as  the  medial  boundary  of  the  general  pallium 
in  making  the  model  so  that  what  is  there  shown  as  hippocampal 
formation  probably  includes  the  equivalent  of  the  subiculum  as 
well  (see  fig.  6). 

As  the  sections  are  traced  caudad  there  is  a  gradual  chai^  in 
the  size  of  the  cells.  The  cells  of  the  hippocampal  formation 
become  smaller,  those  of  the  dorsal  general  pallium  somewhat 
larger,  until  the  difference  is  at  first  noticeable,  then  conspicuous. 
From  the  level  of  the  commissures  caudad  the  cells  of  the  hippo- 
campus are  much  smaller  than  those  of  the  general  cortex. 

In  the  occipital  and  temporal  poles  of  the  hemisphere  essenti- 
ally the  same  characters  are  foimd.  Near  the  fimbria  border  is 
an  area  of  dense  cells  in  a  deep  layer.  Next  to  it  is  an  area  with 
cells  loosely  arranged  and  many  of  them  near  the  periphery  (fig. 
45)  ■  In  the  temporal  region  this  area  of  loose  cells  is  narrow  and 
is  accompanied  by  an  internal  sulcus  which  serves  as  an  addi- 
tional landmark.  The  boundary  shown  in  the  model  made  from 
transverse  sections  has  been  carefully  checked  up  by  means  of 
horizontal  sections  and  found  to  be  essentially  correct. 

The  fimbria  passes  over  the  interventricular  foramen  and  con- 
tinues back  along  the  border  of  the  hippocampal  formation  to 
which  the  choroid  plexus  is  attached  (fig.  57).  The  bundle 
decreases  in  size  as  it  proceeds  but  is  still  fairly  large  at  the 
caudal  end  of  the  choroid  fissure.  Here  the  fimbria  bends 
around  the  end  of  the  fissure  and  spreads  in  the  medial  wall  of 
the  ventricle  medial  to  the  position  of  the  large-celled  amyg- 
daloid nucleus.  This  is  suflScient  evidence  that  the  hippocampal 
formation  extends  around  the  end  of  the  choroid  fissure  into  the 
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medial  wall  of  the  temporal  pole  and  confirms  the  conclusion 
based  on  the  study  of  the  cells. 

In  the  temporal  pole  the  hippocampus  comes  into  contact 
with  the  general  palhum  and  the  larg&Kselled  amygdaloid  nucleus 
only,  not  at  all  with  the  nucleus  of  the  lateral  olfactory  tract 
or  any  of  the  small-celled  portion  of  the  amygdaloid  complex 
(fig.  8).  The  hippocampal  formation  is  intimately  related  in 
front  with  the  olfactory  bulb  and  secondary  olfactory  centers. 
Caudally  it  forms  the  border  of  the  palhum  adjacent  to  the 
choroid  fissure  and  is  bounded  on  the  other  side  by  general  pal- 
Uum.  There  is  no  continuity  of  cell  masses  between  the  caudal 
end  of  the  hippocampus  and  the  caudal  part  of  the  secondary 
olfactory  centers.  The  olfactory  apparatus  taken  as  a  whole 
does  not  form  a  complete  ring  following  the  line  of  jxmction  of  the 
hemisphere  with  the  brain  stem  ('limbic  lobe').  An  opening  in 
this  supposed  ring  occurs  between  the  nucleus  of  the  lateral  ol- 
factory tract  and  the  hippocampus. 

THE  GENERAL  PALLIUM 

The  general  palUum  occupies  the  dorsal  and  caudal  walls  of 
the  hemisphere  and  reaches  well  into  the  temporal  pole.  Through- 
out its  whole  extent  it  is  interposed  between  the  hippocampus 
on  the  one  hand  and  the  pyrif  orm  lobe  and  nucleus  of  the  lateral 
olfactory  tract  on  the  other.  The  pyriform  lobe  and  hippo- 
campus meet  one  another  in  front  of  the  rostral  end  of  the  general 
palhum  near  the  olfactory  pedimcle  (fig.  7).  The  general  pal- 
lixun  extends  forward  sightly  further  than  is  shown  in  the  model. 
The  presence  of  a  subiculum  between  the  hippocEimpus  and 
general  palUum  and  of  a  definite  boundary  line  between  the 
dorsal  border  of  the  pyriform  lobe  and  the  general  pallimn  has 
been  described  above. 

Only  the  most  general  features  in  the  structiu^  of  the  palUum 
can  be  deeciibed  in  this  paper.  By  far  the  greater  part  of  the 
cell  bodies  are  collected  in  a  dense  layer  near  the  ventricle.  At 
the  dorso-medial  border  the  cells  are  mostly  pyramidal  and  there 
are  a  few  cells  scattered  in  the  outer  part  of  the  paUium.  There 
are  many  more  of  the  peripheral  cells  in  the  adjacent  subiculum. 


,d.y  Google 


422  J.   B.   JOHNSTON 

Farther  laterally  the  layer  is  more  compact  and  the  pyramidal 
form  of  the  cells  less  evident. 

The  lateral  border  of  the  pallium  presents  marked  characteris- 
tics in  the  rostral  half  of  the  hemisphere.  In  transverse  sections 
the  cell  layer  has  a  curve  near  the  lateral  border  which  is  slight 
in  the  caudal  part  of  the  hemisphere  (fig.  15),  becomes  more 
marked  rostrally  (fig.  17),  and  near  the  rostral  end  is  strongly 
S-shaped  (figs.  18,  19).  This,  together  witii  the  sl^tly  larger 
size  of  the  cells  and  their  arrang^uent  in  a  very  compact  layer, 
suggests  rapid  growth  and  mechanical  crumplii^  of  the  cell 
layer.  This  is  the  border  along  which  internal  capsule  fibers 
enter  and  leave  the  palUum  and  there  is  doubtless  a  difference 
of  function  between  this  border  and  the  dorsal  or  medio-dorsal 
parts  of  the  general  pallium.  This  lateral  border  becomes 
gradually  thicker  as  it  is  followed  rostrad  and  dips  down  and 
becomes  more  and  more  overlapped  by  the  pyriform  lobe.  Here 
the  compact  plate  of  cells  becomes  a  thicker  mass  which  in  some 
sections  is  broken  into  several  masses  (figs.  23,  24).  At  the 
rostral  end  this  thickened  lateral  border  produces  the  pallial 
thickening  mentioned  in  an  earlier  section. 

Toward  the  rostral  end  of  the  pallium  the  cell  layer  becomes 
much  less  compact  except  in  the  lateral  thickened  border.  The 
pyramidal  cells  with  prominent  apical  dendrites  are  mostly  con- 
fined to  the  deep  layer  and  outside  of  these  are  many  cells  of 
stellate  or  ovoid  form.  These  cells  are  present  in  the  whole 
width  of  the  pallium  including  the  subiculum  and  the  lateral 
thickening.  In  some  sections  these  cells  seem  to  constitute  an 
incompletely  separate  layer.  When  the  pallial  thickening  begins 
to  form  a  ridge  projecting  into  the  ventricle  it  is  noticed  that 
these  cells  are  more  numerous  in  this  part  of  the  pallium  than 
elsewhere  (figs.  21,  22)  and  from  this  point  on  rostrad  they  form 
a  conspicuous  outer  layer  of  cells  in  the  pallial  thickening  (figs.  23, 
24,  25,  40). 

Near  its  rostral  end  the  total  nimiber  of  cells  in  the  pallium  is 
greatly  increased,  the  deep  layer  is  much  thickened  and  very 
dense  and  the  outer  layer  extends  well  toward  the  medial  border. 
Indeed,  nearly  the  whole  width  of  the  pallium  at  its  rostral  end 
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bears  the  characteristics  of  the  lateral  tiiick  border.  In  other 
words,  it  may  be  stated  that  the  body  recognized  in  the  gross 
brain  as  a  pallial  thickening  occupies  the  rostral  end  of  the 
general  paUial  area  and  extends  caudad  as  a  gradually  diminish- 
ing lateral  thick  border.  The  palUal  thickenii^  is  characterized 
by  the  presence  of  a  well-developed  peripheral  layer  of  cells  and 
this  suggests  a  special  functional  significance  for  this  body. 

The  pallial  thickening  last  described  is  the  most  highly  special- 
ized part  of  the  general  pallium  and  is  farthest  removed  from 
the  brain  stem.  The  temporal  portion  of  the  pallium,  adjacent 
to  the  amygdaloid  fissure,  is  the  most  primitive  and  simple  in 
structure.  In  the  caudal  part  of  the  basal  surface  of  the  hemi- 
sphere, where  the  temporal  and  occipital  poles  may  be  said  to  meet, 
the  general  palUum  presents  a  somewhat  more  open  arrangement 
than  in  most  of  the  paUium  (fig.  46).  A  latter  nxunber  of  cells 
are  placed  near  the  outer  surface.  From  this  point  rostrad,  to- 
ward the  amygdaloid  eminence,  there  is  the  line  of  transition 
between  pallium  and  hippocampus  and  an  area  of  pallium  in 
which  the  cells  become  more  and  more  irregularly  scattered  as 
one  follows  the  sections  forward  (figs.  45,  44).  At  its  lateral 
border  this  pallial  area  bends  inward  to  become  continuous 
with  the  cell  masses  in  the  dorsal  ventricular  ridge  (figs.  11,  12). 
As  the  sections  are  followed  forward  it  becomes  evident  that  this 
part  of  the  pallium  is  related  to  that  basal  and  caudal  part  of  the 
ventricular  ridge  whose  ventricular  surface  is  covered  by  the 
latf;e-celled  nucleus  of  the  amygdaloid  complex  (fig.  44). 

In  sections  which  pass  through  the  caudal  part  of  the  pyri- 
form  lobe  and  the  deeper  and  broader  part  of  the  amygdaloid 
fissure  (fig.  13),  the  caudo-lateral  prolongation  of  the  nucleus  of 
the  lateral  olfactory  tract  appears  in  the  depth  of  the  fissure. 
Now  the  general  pallial  area  on  the  basal  surface  is  boxmded 
by  the  hippocampus  medially  and  by  the  nucleus  of  the  lateral 
olfactory  tract  laterally.  Internally  the  pallial  cells  merge  with 
those  of  the  basal  lobe  of  the  ventricular  ridge.  As  the  sections 
are  followed  forward  the  nucleus  of  the  lateral  olfactory  tract 
increases  in  size  while  the  hippocampal  formation  disappears 
from  the  sections  before  the  tip  of  the  temporal  horn  of  the 


,d.y  Google 


424  J.  B.  JOHNSTON 

ventricle  is  reached  (figs.  45,  44).  At  the  same  time  the  tail  of 
the  caudate  nucleus  appears  between  the  dorsal  and  basal  lobes 
of  the  ventricular  ridge.  The  large-ceiled  nucleus  now  surrounds 
the  temporal  horn  of  the  ventricle  and  occupies  the  pallial  sur- 
face medial  to  the  nucleus  of  the  lateral  olfactory  tract.  Now 
the  laz^e  bundle  of  the  atria  terminalis  goes  upward  and  forward 
from  the  lar^e-celled  nucleus,  as  above  described.  Finally  the 
large-celled  nucleus  disappears  from  the  sections  at  Hhe  level  of 
the  stria  medullaris. 

Thus  the  .general  pallium  extends  forwud  in  the  basal  wall  to 
the  tip  of  the  temporal  pole.  Its  cells  in  this  region  are  of  vari- 
ous forms  and  are  irregularly  scattered  and  there  is  an  intimate 
merging  of  the  pallium  with  the  large-celled  nucleus  of  the  amyg- 
daloid complex.  There  is  no  area  or  avenue  of  continuity  of 
the  cell  masses  of  the  paUium  with  those  of  the  brain  stem.  There 
is,  however,  continuity  of  the  palhum,  the  large-celled  amygda- 
loid nucleus  and  the  lentiform  nucleus  of  the  corpus  striatum. 
The  lentiform  nucleus  imbeds  the  lateral  forebrain  bimdle  and  is 
therefore  comparable  with  the  somatic  area  in  the  lateral  wall  of 
the  selachian  forebrain.  In  the  turtle  there  is  continuity  through- 
out the  cell  masses  related  to  the  afF^*ent  and  efferent  fibers 
primarily  somatic  in  fimction  in  the  lateral  bundle,  or  cms. 
In  the  fishes  the  somatic  area  is  continuous  with  the  sensory 
centers  of  the  thalamus.  That  this  connection  has  been  lost  in 
the  turtle  may  be  attributed  to  the  greater  development  of  the 
hemisphere  which  has  elongated  the.  cms  and  drawn  the  lenti- 
form nucleus  away  from  the  thalamus. 

The  general  pallial  portion  of  the  hemisphere  consists  there- 
fore of  (1)  a  broad,  rather  thin  wall  forming  the  roof  and  caudal 
pole  of  the  hemisphere;  (2)  bounding  this  laterally  and  ante- 
riorly, a  paUial  thickening  which  has  a  peculiar  structure;  and 
(3)  a  temporal  area  of  simpler  structure  which  is  intimately  con- 
nected with  the  dorsal  ventricular  ridge.  This  ventricidar  ridge 
might,  indeed,  logically  be  Usted  as  a  fourth  part  of  the  general 
pallium. 

That  these  four  regions  are  intimately  related  and  constitute 
one  complex  area  in  the  forebrain,  comparable  to  the  olfactory 
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area  with  its  several  nuclei,  is  attested  at  once  by  the  distribution 
of  the  fibere  of  the  cerebral  peduncle  or  internal  capsule.  This 
great  bundle,  where  it  is  about  to  pass  from  the  brain  stem  to  the 
hemisphere  (fig.  33),  is  bounded  laterally  by  the  optic  tract  and 
dorsally  by  the  stria  medullaris  and  stria  terminalis.  Medial 
and  medio-ventral  to  this  bundle  is  a  large  area  of  fibers  which 
contains  (1)  the  olfactory  projection  tract  of  Cajal  ('04,  fig.  778) 
descending  from  the  olfactory  portion  of  the  amygdaloid  complex, 
and  (2)  the  medial  forebrain  bundle  which  follows  the  crus  into 
the  hemisphere  and  runs  forward  in  relation  to  the  tuberculum, 
caudate  and  other  olfactory  nuclei. 

The  great  lateral  forebrain  bundle  or  crus  is  composed  of  two 
parts,  dorsal  and  ventral.  The  dorsal  part  is  coarse-fibered  and 
well  meduUated.  It  comes  from  the  nucleus  rotundus  and  ad- 
jacent cell  masses  in  the  dorsal  part  of  the  thalamus  which 
correspond  to  the  thalamic  sensory  nuclei  in  mammals.  The 
ventral  part  consists  of  finer  fibers  which  are  well  medullated  at 
least  in  their  course  through  the  thalamus  and  corpus  striatum. 
This  bundle  bends  somewhat  ventrad  and  runs  caudad  on  the 
ventro-lateral  surface  of  the  thalamus  and  mid-brain  imtil  some 
distance  behind  the  tliird  nerve  where  it  becomes  more  dififuse 
and  seems  to  end  at  least  in  large  part  before  the  isthmus  b 
reached.  Without  going  further  into  descriptive  details  it  is 
evident  that  the  dorsal  bundle  contains  the  sensory  radiations 
from  the  thalamus  to  the  hemisphere  and  that  the  ventral 
bundle  corresponds  at  least  roughly  to  the  efferent  tracts  from 
the  hemisphere  as  we  know  them  in  mammals. 

These  two  bundles  behave  differently  in  the  hemisphere.  The 
dorsal  deeper  bundle  bends  up  rapidly  in  larger  and  smaller 
fascicles  through  the  lateral  part  of  the  striatum  and  enters  the 
core  of  the  dorsal  ventricular  ridge.  The  fascicles  spread  rather 
wide  apart  as  they  pass  through  the  striatum  but  aie  all  deep 
beneath  the  surface  of  the  brain.  Upon  reaching  the  ventricular 
ridge  the  fibers  enter  into  the  formation  of  a  uniform  lace-work 
in  the  meshes  of  which  the  cells  of  the  core-nucleus  are  evenly 
scattered.  From  this  lace-woric  many  fibers  proceed  into  the 
dorsal   pallium.     This  is  the  appearance  seen  in  Cajal  prep- 
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aratioRS.  In  Weigert  sections  the  fibers  appear  to  lose  their 
myelin  as  they  enter  the  dorsal  ridge  but  a  small  number  of 
-neduUated  fibers  are  seen  running  right  through  the  ridge  into 
the  pallium  (fig.  32).  There  is  at  present  insufficient  evidence 
to  show  what  proportion  of  the  non-medullated  fibers  of  the 
sensory  bundle  reach  the  pallium  but  it  is  clear  that  a  large 
part  of  them  do  so.  When  transverse  sections  are  followed  from 
b^nd  forward  it  is  seen  that  the  coarse-fibered  sensory  bundle 
all  rises  to  the  pallium  or  the  ventricular  ridge  and  disappears 
from  the  sections  before  the  rostral  end  of  the  ridge  is  reached. 
The  distribution  of  fibers  to  the  caudal  pole  of  the  pallium  ie 
partly  through  the  base  of  the  ventricular  ridge  and  partly  by 
way  of  the  fiber-layer  of  the  pallium  itself.  Very  few  medul- 
lated  fibers  reach  the  caudal  pole. 

The  ventral,  fine-fibered  bundle  spreads  laterally  in  the  super- 
ficial part  of  the  striatum  (nucleus  lentiformis)  and  rises  toward 
the  lateral  border  of  the  pallium.  The  fascicles,  however,  slant 
forward  more  as  they  run  dorsally  and  the  whole  bundle  extends 
much  farther  forward  than  the  deeper  coarse-fibered  bundle. 
The  fascicles  break  up  into  diffuse  fibers  before  the  pallium  is 
reached  and  many  of  the  fibers  may  arise  from  the  lentiform 
nucleus  itself.  It  is  clear,  however,  that  the  greater  part  of 
these  fibers  enter  into  the  fiber-layer  in  which  the  lateral  thick- 
ened border  of  the  pallial  cell-layer  is  imbedded.  Moreover,  the 
greater  part  of  this  bundle  is  related  to  the  pallial  thickening. 

In  sagittal  sections  (fig.  51)  fascicles  from  the  superficial 
bundle  are  traced  directly  up  to  the  pallial  thickening  through  the 
rostral  part  of  the  striatum,  and  also  around  the  rostral  end  of 
the  striatum  through  the  cell-free  zone  between  the  striatum  and 
the  pyriform  lobe.  It  is  interesting  to  note  in  sagittal  sections 
that  medullated  fibers  enter  the  pallium  and  the  ventricular 
ridge  only  in  the  rostral  part  (half  or  more)  of  each.  The  bundles 
which  rise  from  the  crus  into  the  core  of  the  ventricular  ridge 
lose  their  myelin  or  disperse  so  that  they  can  not  be  traced  far- 
ther as  fascicles. 

In  Chrysemys  mai^inata  the  ventricular  ridge  is  smaller  than 
in  Cistudo  and  does  not  extend  as  far  forward.     The  pallila 
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thickening  on  the  other  hand  is  relatively  more  extensive.  In 
this  form  the  direct  course  of  the  superficial  fibers  of  the  cms 
up  to  the  pallial  thickening  is  much  more  clear  than  in  Cistudo. 
It  is  hoped  to  test  the  disposition  of  these  fibers  experimen- 
tally. If  the  above  conclusions  drawn  from  the  study  of  sec- 
tions prove  to  be  correct,  it  is  evident  that  the  pallial  thickening 
must  be  regarded  as  the  chief  source  of  the  fibers  descending 
from  the  palhum  to  the  brain  stem.  It  should  be  noted  that  the 
pallial  thickening  occupies  the  same  position  in  the  hemisphere 
as  that  occupied  by  the  motor  area  in  the  lower  mammals,  except 
that  there  is  no  appreciable  frontal  association  area  seen  in  front 
of  it.  Also,  the  descending  fibers  lie  in  front  of  the  sensory  radi- 
ations as  they  do  in  the  mammalian  internal  capsule.  It  seems 
probable  that  the  pallial  thickening  is  chiefly  motor  (efferent) 
in  function  and  that  the  ventricular  ridge  and  a  large  part  of  the 
general  pallium  are  sensory  and  associational.  However,  it  is 
probable  from  my  present  results  that  the  Sensory  and  motor 
areas  are  not  wholly  independent.  Also  the  whole  subject  of 
localization  within  the  sensory  field  is  untouched  in  the  present 
paper. 

SUMMARY  AND  COMMENTS 

The  advantage  offered  by  the  turtle  brain  for  the  study  of  the 
evolution  of  the  mammalian  cerebral  hemisphere  is  that  the  turtle 
occupies  such  an  intermediate  position  between  fishes  and  mam- 
mals that  it  is  possible  from  the  standpoint  of  the  turtle  brain  to 
recognize  the  homologous  structures  in  all  three  groups  and  to 
explain  the  changes  which  have  taken  place  from  the  brain  of 
the  fish  to  that  of  the  turtle  and  from  the  brain  of  the  turtle  to 
that  of  the  marsupials  and  manunals.  This  is  due  to  the  fact 
that  among  living  reptiles  the  turtles  are  most  nearly  related 
to  the  ancestors  of  mammals  and  still  possess  a  relatively  simple 
and  slightly  specialized  brain.  In  some  points  there  would  be 
great  advantage  from  the  study  of  the  dipnoan  brain,  to  bridge 
the  gap  between  the  fishes  and  reptiles.  This  gap  is  much 
wider  than  that  between  the  reptiles  and  mammals,  since  neither 
the  specialized  fishes  nor  the  amphibians  stand  in  the  line  of 
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descent  of  reptiles  and  raammaJs.  The  dipnoans,  or  some  of 
them,  do  stand  in  this  line  of  descent  and  the  evolution  of  the 
brain  must  be  traced  from  the  selachians,  through  the  dipnoans, 
reptiles  and  marsupials  to  the  mammals. 

The  main  purpose  of  the  present  paper  is  merely  to  define 
the  morpholo^cal  relations  of  the  chief  cell  masses  in  the  brain 
of  the  txutle  in  order  that  these  may  be  used  in  future  studies 
as  points  of  reference  in  comparing  ichthyopsid,  reptilian  and 
mammaUan  brains.  This  is  done  in  the  belief  that  a  satisfactory 
account  of  the  mammalian  and  human  brain  must  eventually 
include  an  account  of  the  origin  and  evolution  of  the  several 
structures  together  with  an  explanation  of  existing  structural 
relationships  and  the  coiurse  of  their  evolution  on  the  basis  of 
environment,  habits  of  life  and  the  function  of  the  several  parts. 

The  ol/actory  area 

Upon  comparing  the  secondary  olfactory  centers  of  the  hinge 
turtle  with  those  of  fishes,  the  only  very  noteworthy  fact  is  the 
appearance  in  the  turtle  of  a  nucleus  of  the  lateral  olfactory  tract 
behind  the  area  occupied  by  the  lateral  forebrain  bundle.  This 
is  a  distinctly  mammalian  character.  In  the  selachian  (John- 
ston '11  a)  the  lateral  forebrain  bundle  is  imbedded  in  the  somatic 
area  in  the  lateral  wall  of  the  slender  portion  of  the  forebrain 
known  to  many  authors  until  recently  as  the  'praethalamus,'  and 
the  lateral  olfactory  area  Ues  wholly  in  front  of  this.  The  re- 
lations are  shown  in  figure  59,  in  which  are  roughly  indicated  the 
areas  from  which  alone  the  pyriform  lobe  and  the  nucleus  of  the 
lateral  olfactory  tract  may  have  been  developed.  In  the  turtle 
these  areas  have  moved  far  backward  on  the  lateral  surface  and 
the  mass  which  imbeds  the  lateral  forebrain  bundle  appears 
as  an  island  surrounded  by  olfactory  nuclei, — the  striatal  area 
surrounded  by  the  pyriform  lobe,  nucleus  of  the  lateral  olfactory 
tract,  the  diagonal  band,  the  parolfactory  nuclei  and  the  tuber- 
culum.  This  condition,  which  is  so  suggestive  of,  but  not  wholly 
similar  to,  the  mammalian  condition,  has  come  about  by  a 
spreading  and  migration  caudad  of  the  lateral  olfactory  area, 
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chiefly  brought  about  by  the  great  expansion  of  the  dorsal  pal- 
lium. The  expansion  of  the  pallium  was  accompanied  by  a  great 
thickening  of  the  lateral  bundle  and  of  the  cell  mass  in  which  it 
was  imbedded.  The  stretching  of  the  lateral  olfactory  area 
accompanying  the  expansion  of  the  pallium  was  followed  by  a 
collecting  together  of  the  olfactory  centers  into  a  ring  around 
the  striatal  area.  The  striatum  then,  thickening  and  bulging 
outward,  came  to  have  its  surface  freed  from  the  olfactory  layer. 
That  a  complete  ring  of  olfactory  centers  was  formed  around  the 
striatal  area  was  due  to  the  connection  which  the  medial  ol- 
factory tract  retained  with  the  nucleus  of  the  lateral  olfactory 
tract  (fig.  56).  This  connection  of  the  lateral  olfactory  nucleus 
with  the  medial  tract  and  diagonal  band  has  produced  the 
characteristic  bending  of  a  part  of  the  lateral  olfactory  tract  to 
reach  its  nucleus  in  the  amygdaloid  region  (fig.  60). 

We  have  now  to  note  how  this  condition  in  the  turtle  differs 
from  that  in  the  mammal.  Although  the  gross  appearance  is 
much  the  same  there  is  one  essential  difference,  namely,  that  the 
striatal  area  has  received  a  covering  of  general  pallium,  convert- 
ing it  into  the  insula.  This  has  come  about  by  the  further 
expansion  of  the  pallium  which  has  pushed  the  pyriform  lobe 
down  over  the  striatal  area  so  that  in  mammals  it  runs  along  the 
ventral  border  of  the  insula.  Now  a  part  of  the  lateral  olfactory 
tract  sweeps  round  in  a  curve  to  reach  its  nucleus  in  the  tip  of 
the  temporal  pole  just  as  in  the  turtle.  There  is  this  difference, 
however,  that  the  concavity  of  that  sweeping  curve  is  filled  not 
by  the  striatal  area  but  only  by  the  tuberculum  and  the  anterior 
perforate  space. 

The  striatal  area  has  thus  been  the  scene  of  two  important 
migrations  of  brain  substance  in  the  history  of  vertebrates. 
Between  the  fishes  and  reptiles  the  olfactory  area  has  spread  over 
the  striatum  and  left  its  surface  free  again  in  the  turtle.  Be- 
tween the  turtle  and  mammals  the  general  pallium  has  spread 
down  over  the  striatum  and  left  it  covered  by  the  insular  cortex. 
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The  hippocampal  formation 

With  the  expansion  of  the  lateral  brain  vesicle  and  the  forma- 
tion of  a  caudal  pole  the  massive  hippocampal  primordium  in 
the  roof  of  the  selachian  forebrain  becomes  spread  out  into  a 
thin  medial  wall  of  the  expanding  vesicle.  At  the  same  time  a 
part  of  the  choroid  roof  of  the  median  ventricle  is  carried  out  in 
the  medial  wall  of  the  lateral  ventricle  and  forms  the  choroid 
plexus  extending  from  the  interventricular  foramen  to  the  tem- 
poral pole.  The  relations  of  the  hippocampus  to  the  secondan' 
olfactory  centers  in  the  medial  wall  have  been  fully  discussed  in 
previous  papers  and  the  history  of  the  hippocampus  above  the 
reptiles  is  well  known  from  the  work  of  Elliot  Smith  and  others. 

The  general  pallium 

The  force  which  has  brought  about  the  changes  in  the  ol- 
factory centers  mentioned  above  is  the  expansion  of  the  general 
pallium.  This  is  derived  from  the  anterior  end  of  the  somatic 
sensory  column  (Johnston  '10  c  and  '11  a)  which  early  in  verte- 
brate evolution  extended  up  into  the  roof  of  the  forebrain  between 
the  lateral  olfactory  area  and  the  hippocampal  primordium. 
This  mass  of  cells  received  ascending  fibers  from  the  sensory 
centers  in  the  thalamus  and  rapidly  developed  into  an  impor- 
tant collection  of  sensory  and  correlating  centers  for  somatic 
relations.  These  centers  proved  of  incomparable  value  to  those 
vertebrates  in  which  they  were  the  more  highly  developed, 
through  enabling  them  to  extend  the  range  of  environment  to 
which  they  could  adapt  themselves. 

This  expanding  general  pallium  was  located  between  the 
olfactory  area  and  the  hippocampus  and  was  connected  with 
its  fellow  of  the  opposite  hemisphere  by  a  commissure  (corpus 
callosum)  running  through  the  substance  of  the  hippocampus 
'  and  in  close  relation  to  the  hippocampal  commissure.  Under 
these  conditions  the  expansion  of  the  general  pallium  brought 
about  great  changes  in  the  adjacent  structures,  as  already  noted. 
The  first  effect  was  an  expansion  distinctly  in  the  dorsal  or 
pallial  portion  of  such  a  lateral  forebrain  vesicle  as  exists  in  the 
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simpler  selachian  brains.  This  tended  to  produce  a  caudal 
pole  pushing  back  over  the  stem  or  'prethalamic'  portion.  To 
understand  the  formation  of  the  caudal  pole  it  is  essential  to  see 
that  the  expansion  began  in  this  dorsal  region  and  proceeded 
in  the  direction  eventually  assumed  by  the  choroid  fissure  and 
the  hippocampus.  From  such  a  beginning  the  stretching  of  the 
hippocampus  and  pyriform  lobe  and  the  migration  of  the  olfac- 
tory area  over  the  striatum  all  are  readily  understood.  The 
further  expansion  of  the  pallium  and  the  differentiation  of  special 
centers  in  it  must  be  the  subject  of  future  work  for  which  the 
present  is  preparatozy. 
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REFERENCE  LETTERS 


.,  area  parol  facto  ria 

.a.,  area  perforata  anterior 

,,  bulbus  olfactoriua 

a  anterior 
a  hippocampi 

e.i.,  oqraula  interna 

ck,up,,  chioBfaa.  optic um 

c.poel.,  commisBura  posterior 

c.p.a.,  commissura  pallii  anterior 

cru»,  cms  cerebri  or  lateral  forebrain 
bundle 

ot.,  corpus  striatum 

d.b.,  diagonal  band  of  Broca 

dec.jya.,  decusaatio  postoptica 

d.v.T.,  dorsal  ventricular  ridge 

f.am..   (iBsura  amygdaloidea 

faac.m.,  fasciculus  marginalia 

JxhiiT.,  fissura  chorioidea 

fi.,  fimbria 

f-pc.,  fasciculus  praecommissuralis 

/.o.,  formatio  olfactoria 

/.p.,  fisHura  prima 

JoT.i.,  foramen  interventriculare 

f.rh,,  fisBura  rhinalis 

gl.,  olfactory  glomerulus 

g.'p.,  general  pallium 

gr.,  granule  cells  and  layer 

p.s.,  gyrus  sub callosus 

k.,  hippooampua 

hy.,  hypothalamus 

I.e.,  islands  of  Calleja 

Lpyr.,  lobus  pyritormis 

l.t.,  lamina  terminalia 

m.fb.bdl..  medial  forebrain  bundle 

mi.,  mitral  cells  and  layer 

n.c,  nucleus  caudatus 

n.d.b.,  nucleus  of  the  diagonal  band 

n.l.,  nucleus  lentiformis 

n.med.a.,   large-celled   medial   nucleus 
of  the  amygdaloid  complex 


ii.o.,  nervus  olfactorius 
n.o.a.,  nucleus  olfactonus  ant«rior 
n.p.l.,  nucleus  parolfac tonus  lateralis 
n.p.m.,   nucleus    parolfac 


n.rol.,  nucleus  rotundus 
n.aup.,  nucleus  supraopticus 
n.tr.olJ.lal.,     nucleus    of    the    lateral 

olfactory  tract 
olf.proj.,  olfactory  projection  tract 
pa.,  pallium 

pa.th.,  pallial  thickening 
p.c,  layer  of  peripheral   cells  in  the 

pallium 
p.h.,   primordium   hippocampi 
p.o.  pedunculua  olfactorius 
T.p.,  recesBua  praeopticus 
r.n.,  recessua  neuroporicus 
r,8.,  receasus  superior 
8. en.,  sulcus  endorhinalis 
sj-d.,  sulcus  fimbrio-dentatus 
S.I.,  sulcus  limitans  hippocampi 
e.m.,  stria  medullaris 
H.p.d.,  substantia  perforata  anterior 
S.I.,  stria  terminaiis 
sui.,  subiculum  eomu  ammonia 
s.v.d.,  dorsal  ventricular  sulcus 
3.v.m.,  middle  ventricular  sulcus 
t.tf.v.,  ventral  ventricular  sulcus 
that.,  thalamus 
t.o.,  tuberculum  olfactorium 
t.p.,  temporal  pole 
t.,  tectum  mesencephali 
lr.d.b.,  tract  of  the  diagonal  band 
tr.olf.lat.,  lateral  olfactory  tract 
tr.olf.,  tractus  olfactorius 
tr.olf.mtd.,  medial  olfactory  tract 
It. op.,  tractus  opticus 
vJIl.,  third  ventricle 
v.L,  ventriculus  lateralis 

Fig.  I  Lateral  surface  of  forebrain.  Chief  features  described  in  text.  The 
fibers  in  the  striatal  area  are  readily  seen  both  in  the  fresh  brain  and  in  brains 
prepared  in  bichromate.  These  fibers  are  equivalent  to  the  mammalian  internal 
capsule,  but  the  cortical  covering  of  the  insula  is  wanting.  The  pyriform  lobe 
shows  some  cross  ridges  which  probably  correspond  to  bundles  ot  internal  capsule 
fibers  and  thickenings  of  the  lateral  border  of  the  pallium.  The  amygdaloid 
fissure  was  especially  well  developed  in  this  brain.  The  whole  brain  never  shows 
the  roslral  end  of  the  sulcus  endorhinalis  as  well  a 
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Fig.  2  A  ventral  view  of  the  same  brain  as  in  figure  1.  The  diagonal  band 
and  the  fibers  imbedded  in  it  are  readily  visible  in  the  entire  brain,  althouRh  the 
fiber-bundles  are  much  more  delicate  than  those  of  the  internal  capsule. 

Fig.  3  A  medial  view  of  another  apecimen.  tFrom  Johnston  '13  b,  fig.  20.) 
The  fiHsura  prima  curves  forward  over  the  parolfactory  area.  The  Gmbrio-den- 
tate  sulcus  runs  longitudinally  above  it.  The  body  between  is  the  primordium 
hippocampi.  Between  the  fissura  prima  and  the  lamina  terminalis  the  diagonal 
band  rises  apparently  to  join  the  hippocampal  primordium  directly.  The  broken 
line  indicates  the  boundary  of  the  primordium  as  determined  by  internal  struc- 
ture. The  portion  of  the  diagonal  band  seen  on  this  surface  of  the  brain  is  the 
homologue  of  the  gyrus  subcallosus.  This  figure  shows  the  prominence  of  the 
rostral  end  of  the  pallium  due  lo  the  pallial  thickening. 
433 
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Fig.  4  A  torebrain  from  which  the  entire  medial  wall  ot  the  pallium  has  been 
cut  away,  seen  from  the  medial  direction.  The  large  dorsal  ventricular  ridge  is 
divided  into  a  chief  lobe  and  a  basal  lobe  by  a  shallow  groove.  The  bifurcation 
of  the  middle  ventricular  groove  is  not  well  shown.  One  branch  descends  into  the 
temporal  horn  of  the  ventricle;  the  other  runs  for  a  short  distance  in  the  bottom 
of  the  shallow  groove  on  the  dorsal  ridge.  Compare  figure  10.  This  brain  ehowa 
an  unusual  prolongation  of  the  basal  partofthc  dorsal  ridge  into  the  caudal  pole. 
The  part  of  the  striatum  seen  here  is  the  head  and  tail  of  the  caudate  nucleus. 

Figs.  5  to  10  These  arc  photographs  of  a  model  of  the  right  halt  of  the  fore- 
brain  made  by  the  method  of  plale  reconstruction.  The  method  of  building  up 
and  dissecting  the  model  is  explained  in  the  text.  Before  photographing,  the 
outer  surface  of  the  model  was  lightly  smoothed  and  then  painted  in  two  colors. 
All  the  olfactory  centers  including  the  hippocampus  were  painted  a  light  yellow- 
green.  The  somatic  structures,  striatum  and  general  pallium,  were  painted 
light  blue.  In  the  photographs  all  the  olfactory  centers  have  a  dark  tone.  The 
ventricular  surfaces  and  the  cut  surfaces  have  received  no  treatment  whatever. 
The  hypothalmic  region  was  not  completed. 

Fig.  5  Lateral  surface  of  the  model.  The  dorsal  border  of  the  pyriform  lobe 
is  sharply  marked  through  its  whole  length.  The  caudalborder  is  only  arbitrarily 
fixed.  A  broken  line  marks  the  limit  between  the  large-celled  and  small-celled 
parts  of  the  pyriform  lobe.  The  olfactory  part  of  the  amygdaloid  eminence 
appears  depressed  owing  to  its  color  and  to  its  being  in  shadow.  Compare  figure 
8.  The  structures  surrounding  the  striatal  area  constitute  a  continuous  ring  of 
small -celled  olfactory  nuclei. 

Fig.  6  Medial  view  of  the  model.  Thelipof  thechoroid  fissure  and  the  lamioa 
terminalis  are  painted  white.  The  model  is  cut  between  the  hippocampal  com- 
missure and  the  anterior  commissure,  so  that  the  commissure  may  be  removed 
with  the  whole  hippocampal  formation.  A  broken  line  indicates  roughly  the 
boundary  between  the  hippocampus  proper  and  the  subiculum.  Probably  too 
large  an  area  is  included  in  the  subiculum  at  the  anterior  end.  The  somatic 
pallium  should  have  been  carried  farther  forward  here  in  constructing  the  model. 
Note  the  oblique  position  of  the  peduncular  constriction.  Note  also  the  fissura 
prima,  the  fimbrio-dentate  sulcus  and  the  moulding  of  the  caudal  pole  around  the 
thalamus  and  midbrain. 
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FiR.  7  Dorsal  view  ot  the  model.  This  rcquircH  no  comment  except  to  point 
out  that  the  Reneral  pallium  should  have  been  continued  somewhat  farther  for- 
ward nt  the  expense  ot  the  subiculum  con 
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Fig.  8  Ventral  view  of  the  mode).  This  view  shows  well  how  the  striatal 
area  is  completely  surrounded  by  olfaetory  centers.  It  also  shows  that  the 
general  pallium  extends  into  the  amygdaloid  prominence  of  the  temporal  pole  so 
OB  to  intervene  between  the  hippocampus  and  the  secondary  olfactory  nuclei. 
The  temporal  pole  of  the  hippocampal  formation  has  no  direct  relation  with  the 
secondary  olfactory  nuclei  on  the  basal  aspect  of  the  brain. 
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Fig.  9  Lateral  view  of  the  model  with  the  pyriform  lobe  removed.  At  both 
its  rostral  and  caudal  ends  the  pyriform  lobe  forma  the  whole  tbickaesB  of  the  wall 
over  small  areaa,  so  that  the  veDtricle  is  opened  in  this  photograph.  Through 
the  greater  part  of  its  length  the  pyriform  lobe  overlies  the  thickened  lateral 
border  of  the  pallium  and  the  dorsal  ventricular  ridge.  A  broken  line  marks 
the  boundary  between  the  pallium  and  this  ridge.  Along  this  line  a  cell-free  lone 
separates  the  pallium  from  the  ridge  but  the  two  can  not  be  dissected  apart 
owing  to  the  continuity  of  their  cell  masses  in  the  region  of  the  amygdaloid  fissure. 
The  thickening  of  the  lateral  border  of  the  pallium  which  causes  the  bulging  out 
of  the  pyriform  lobe  near  its  rostrHl  pnd  is  clearly  seen  in  this  photograph. 
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Fig.  10  Medial  view  of  the  model  with  the  hippocampus  removed.  The 
pallial  thickening  Ja  perhaps  better  seen  here  than  in  the  dissected  brain  (fig.  4}. 
That  part  of  the  thalamus  which  appears  behind  the  anterior  co mm ishu re  is  cod- 
tinuoua  laterally  with  the  tail  of  the  caudate.  The  ventricular  ridge  and  general 
pallium  are  separated  from  the  striatum  by  a  cut  which  followB  the  middle  ventric- 
ular groove  to  the  end  of  ita  dorsal  branch,  and  by  a  cut  which  runs  diagonally 
downward  and  forward  from  the  end  of  the  first  one  and  disappears  behind  the 
hypothalamus  in  this  view.  The  bifurcation  of  the  middle  ventricular  groove  is 
seen  just  behind  the  upper  angle  of  the  thalamus.  From  this  point  the  temporal 
branch  descends  into  the  temporal  horn  of  the  ventricle.  Its  course  forms  a 
letter  X  with  the  second  cut  above  described.  Following  the  course  of  this  groove 
is  the  small  ridge  described  in  the  text  as  imbedding  part  of  the  stria  termiDSlis 
related  to  the  basal  lobe  of  the  ventricular  ridge.  From  this  ridge  the  bundle 
goes  forward  in  the  caudate.  The  tail  of  the  caudate  barely  appears  in  this 
figure  behind  the  thalamus  <n.  c.)  and  bounded  by  the  temporal  branch  of  the 
middle  groove.  The  thickening  and  fusion  oF  the  caudate  with  the  nucleus  of 
the  lateral  olfactory  tract  in  the  amygdaloid  complex  lies  just  lateral  to  this  point. 
It  is  in  this  region  that  a  great  hypertrophy  of  the  common  caudate-amygdaloid 
mass  produces  the  'epistriatum'  in  the  lizards.  The  triangular  area  between  the 
two  cuts  above  described  belongs  to  the  lentiform  nucleus.  Note  that  the  general 
palhum  is  continuous  with  the  lentiform  nucleus  through  the  basal  lobe  of  the 
ventricular  ridge  (medial  nucleus  of  amygdaloid  complex). 
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Fige.  11  to  30  Transverse  sections  of  the  right  hemisphere  drawn  from  sec- 
tioDS  Btained  to  demonstrate  the  size  and  grouping  of  the  cell  bodies.  The  con- 
trasts and  lines  of  separation  are  not  exaggerated.  Magnification,  17,5  diameters. 
The  position  of  each  of  these  sections  is  indicated  in  figure  58. 

Fig.  II  Section  through  the  base  of  the  dorsal  ridge.  The  dense  layer  in  the 
medial  wall  of  the  pallium  is  in  part  hippocampus.  The  rest  of  the  section  be- 
longs to  general  pallium,  with  which  the  ridge  is  in  connection. 

Fig.  12  Section  a  nhort  distance  behind  the  choroid  fissure.  The  dense 
pallium  in  the  medial  wall  is  hippocampal.  The  dorsal  ridge  appears  as  an 
infolding  of  the  general  pallium.  The  pyriform  lobe  presents  a  confused  arrange- 
ment of  its  cells. 

Fig.  13  Section  at  the  caudal  border  of  the  choroid  fissure  and  the  base  of 
the  amygdaloid  fissure.  Hippocampal  formation  appears  both  above  and  below 
the  choroid  fissure.  The  large-celled  nucleus  appears  on  the  ventricular  surface 
of  the  basal  lobe  of  the  great  ventricular  ridge.  The  nucleus  ot  the  lateral  olfac- 
tory tract  appears  near  the  base  of  the  amygdaJoid  fissure.  Between  them  the 
general  pallium  is  continuous  with  the  central  core  of  the  ventricular  ridge. 
Note  the  small  ridge  below,  which  contains  the  stria  terminalis  bundle.  From 
this  level  forward  the  subiculum  comu  ammonis  is  a  conspicuous  feature. 

Fig.  14  Section  through  the  extreme  rostral  end  of  the  temporal  horn  of  the 
ventricle.  Hippocampal  formation  has  disappeared  below  the  choroid  fissure. 
The  large-celled  nucleus  surrounds  this  part  of  the  ventricle.  The  nucleus  of 
the  lateral  olfactory  tract  has  grown  larger  and  the  caudate  nucleus  appears  and 
is  fused  with  it.    The  nucleus  lentiformis  begins  to  take  shape. 
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Fig.  15  Section  at  the  base  of  the  amjrgdaloid  fisaure.  The  general  pallium 
atill  makes  connection  with  the  ventricular  ridge  and  intervenes  between  the 
pyriform  lobe  and  the  nucleus  of  the  lateral  olfactory  tract.  This  last  is  now 
larger  and  merges  broadly  with  the  caudate.  The  lentifonn  nucleus  shows  some 
dense  oolleotiooii  of  calls. 

Fig.  10  Section  through  the  stria  medullaris.  This  is  about  the  largest  and 
densest  part  of  the  small-celled  area  of  the  amjrgdaloid  complex,  consisting  of  the 
caudate  and  nucleus  of  the  lateral  olfactory  tract.  The  great  enlargement  of 
this  body  produces  the  'epistriatum'  in  lisards.  The  olfactory  projection  tract 
and  part  of  the  stria  terminalis  are  related  to  this  (compare  fig.  49)  while  the 
stria  medullaris  enters  the  neuropile  surrounding  the  rostral  end  of  the  medial 
nucleus.  Note  the  rapid  thickening  of  the  lateral  border  of  the  dorsal  pallium  in 
figures  IS  and  16.  An  angle  of  the  general  pallium  connected  with  the  ventricular 
ridge  still  intervenes  between  the  pyriform  lobe  and  the  nucleus  of  the  lateral 
olfactory  tract. 

Fig.  17  Section  through  the  extreme  tip  of  the  temporal  pole  or  amygdaloid 
prominence  and  through  the  caudal  part  of  the  junction  of  thalamus  and  stria- 
tum. The  nucleus  lentifonnis  is  larger  and  the  nucleus  of  the  lateral  olfactoir 
tract  appears  divided.  The  upper  portion  will  in  the  next  figure  join  the  pyri- 
form lobe.  The  core-nucleus  of  the  ventricular  ridge  is  now  well  defined.  Note 
the  olfactory  projection  tract  curving  over  the  eras. 

Fig.  18  Section  through  the  commissures  just  rostral  to  the  inter- ventricular 
foramen.  The  crus  bends  laterad  into  the  lentiform  nucleus.  It  separates  the 
caudate  from  the  nucleus  of  the  diagonal  band  which  is  a  continuation  of  the 
nucleus  of  the  lateral  olfactory  tract.  Note  the  continuity  of  the  caudate  with 
the  nucleus  anterior  r^ion  of  the  thalamus  in  figures  17  and  18.  Note  also  the 
rapid  enlargement  of  the  primordium  hippocampi  in  these  figures  as  it  approaches 
the  level  of  the  commissure.  For  the  disposition  of  the  commissures  compare 
figures  32,  48  and  52. 
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Fig.  19  Section  in  front  of  the  commissures  and  behind  tba  optic  chiaama. 
The  lentiform  nucleus  is  large;  the  cms  occupies  the  clear  space  below  it  and 
sends  Fascicles  up  through  it  (internal  capsule).  The  nucleus  of  the  diagonal 
band  forms  a  thin  cell  layer  between  the  fiber  layer  of  that  band  and  the  medial 
forebrain  bundle.  The  caudate  is  small.  The  upper  end  of  the  nucleus  of  the 
diagonal  band  appears  here  in  the  gyrus  subcalloaus  adjacent  to  the  hippocampal 
primordium  and  the  recessus  superior.  Note  the  distinct  large- and  small-celled 
portions  of  the  pyriform  lobe.  Also  the  general  increase  in  thickness  and  more 
open  formation  of  the  cell  layer  of  the  dorsal  pallium. 

Fig.  20  Section  through  the  optic  chiasma.  The  ventricular  ridge  grows 
smaller  and  the  definite  pallial  thickening  begins.  The  hippocampus  proper 
grows  narrow.  The  hippocampal  primordiiun  is  only  apparently  fused  with  the 
parolfactory  nuclei,  as  explained  in  the  previous  paper.  The  diagonal  band 
and  its  nucleus  move  to  the  angle  between  the  basal  and  medial  walls.  The  sul- 
cus endorhinalis  separates  the  small-celled  from  the  large-celled  part  of  the 
pyriform  lobe.  The  lentiform  nucleus  is  quite  superficial  in  this  and  several 
following  figures.  The  clear  Eones  above  and  below  the  core-nucleus  of  the  ven- 
tricular ridge  and  between  that  and  the  pyriform  lobe  are  the  spaces  through 
which  internal  capsule  fibers  run  to  the  ridge  and  the  general  pallium. 

Fig.  21  Section  at  the  level  of  the  gyrus  subcallosus.  The  changes  noted  in 
the  last  section  have  been  carried  farther.  The  lentiform  nucleus  shows  rows  of 
cells  due  to  the  arrangement  of  bundles  of  internal  capsule.  In  this  and  figure  23 
the  diagonal  band  nucleus  merges  with  the  superficial  layer  of  the  anterior  per- 
forate space  and  tuberculum  olfactorium. 

Fig.  22  Section  through  the  anterior  end  of  the  dorsal  ventricular  ridge. 
The  core-nucleus  is  here  divided  into  two  areas  by  pressure  from  the  pallial 
thickening.  This  thickening  is  the  most  conspicuous  feature  of  the  section. 
Note  the  development  of  a  layer  of  peripheral  cells  in  ^ures  20,  21  and  22.  Com- 
pare figure  40.    The  caudate  begins  to  enlarge  and  the  lentiform  to  decrease. 
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Fig.  23  Section  through  the  pallial  thickeniitE  in  front  of  the  ventiicul&r 
ridge.  la  this  and  the  next  three  figuree  the  pyrifonn  lobe  ia  bulged  out  by  the 
pftllial  thickening.  Although  the  lentifotrn  nucleus  still  meets  the  ventricle, 
the  oftudate  ia  greatly  enlarged.  From  here  forward  tiie  hippocampus  ia  scarcely 
if  at  all  recognisable.  The  mbiculum  continues  between  the  general  pallium  and 
the  hippocampal  primordium.  The  dividing  line  between  primordium  hippo- 
campi and  parolfactory  area  is  again  clear.  In  this  section  the  ventral  ventric- 
ular groove  reaches  its  greatest  depth  and  width.  Forward  from  this  the 
thickening  of  caudate,  parolfactory  nucleus  and  tuberculum  nearly  obliterate  it. 

Fig.  24  Section  through  the  middle  of  the  pallial  thickening.  Islands  of 
Calleja  begin  to  appear  in  the  medial  wall.  The  lentifonn  nucleus  is  pushed 
toward  the  surface  by  the  caudate.  For  a  detail  of  the  pyriform  lobe  and  part 
of  the  pallial  thickening  compare  figure  40. 

Fig.  2S  Section  through  the  caudal  part  of  the  tuberculum  olfactorium  and 
the  head  of  the  caudate.  Note  the  high  dorsal  prominence  caused  by  the  pallial 
thickening.  Thia  acarcely  ahowa  aatisfactorily  in  the  figures  of  the  whole  brain 
or  model.  A  part  of  the  apparent  thickness  of  the  cell  layer  ia  due  to  the  section 
being  slightly  oblique  to  the  curvature  of  the  dorsal  pallium  but  the  appearance 
of  a  distinct  peripheral  layer  of  cells  is  not  due  to  this.  Islands  of  Calleja  are 
grouped  in  the  medio-basat  angle.  Dark  masses  farther  laterad  are  merely 
clumps  of  large  cells  in  the  lentiform  nucleus. 
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Fig.  26  Section  &  short  digtaDce  in  front  of  the  last.  It  shows  the  rostr&l 
end  of  the  lentiform  nucleuB  and  the  spreading  of  the  stnall-celted  part  of  the 
piriform  lobe  over  the  strifttum  as  the  superficial  layer  of  the  tubereulum. 
The  whole  width  of  pallium  in  figs.  25,  26  has  the  characters  of  the  thickening. 

Fig.  27  Section  through  the  rostral  part  of  the  tubereulum.  The  section 
passes  just  behind  the  pedupcular  constriction  dorsally.  Olfactory  formation 
begins  to  appear  226  microns  farther  forward.  The  head  of  the  caudate  together 
with  the  deep  or  lateral  parolfactory  nucleus  form  one  rounded  mass  covered 
externally  by  tubereulum.  This  is  the  nucleus  olfactorius  anterior  of  authors. 
Islands  of  Calleja  are  in  the  deep  layer  of  the  tubereulum.  The  tuberculutn  is 
continuous  with  the  medial  parolfactory  nucleus  and  with  the  pyriform  lobe. 
The  pyriform  lobe  spreads  medially  in  dorsal  waif.  General  pallium  is  still  pres-  . 
ent  toward  medial  border  and  in  some  clusters  of  cells  beneath  pyriform  lobe. 

Fig.  28  Section  through  the  olfactory  peduncle.  Both  sides  are  shpwn,  the 
left  side  being  sectioned  near  the  rostral  end  of  the  oblique  peduncle,  the  right 
side  near  the  caudal  end  of  the  peduncle.  On  the  right  side  fully  developed 
olfactory  formation  appears  in  the  roof;  in  the  lateral  wall  the  pyriform  lobe; 
below,  the  end  of  the  nucleus  olfactorius  anterior  and  the  tubereulum. 

Fig.  28  Section  through  the  caudal  part  of  the  olfactory  bulb.  Note  the 
elliptical  form  of  section  on  the  right,  the  greater  number  of  cells  where  olfactory 
glomeruli  are  present  and  the  distribution  of  mitral  cells  with  reference  to  the 
glomeruli,    a,  b,  regions  of  this  section  which  are  drawn  in  figure  31. 

Fig.  30  Section  through  the  anterior  part  of  the  right  bulb.  Note  the  tri- 
angular form  of  section  and  the  fact  that  the  dorsal  root  of  the  olfactory  nerve  is 
just  entering  the  bulb.  The  bulb  is  nearly  surrounded  by  glomeruli  and  the 
mitral  cell  layer  is  continuous  except  for  a  short  space  on  the  lateral  surface  where 
glomeruli  are  absent. 
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Fig.  31  Two  portions  from  the  section  drawn  in  figure  29  to  show  the  modifi- 
cation of  thestructureoftheolfactory  formation  due  to  the  presence  of  glomeruli. 
The  part  of  the  section  drawn  in  a  and  6  respectively  is  indicated  by  the  same 
letter  in  figure  29.  Where  glomeruli  are  present  the  granule  cell  layer  is  con- 
siderably thicker  and  more  dense  and  the  layer  of  large  mitral  cells  is  added. 
Magnification  110  diameters. 

Fig.  32  Transverse  section  at  the  level  of  the  commissures.  From  Johnston 
'13b,  fig.  17.  The  right  side  of  the  drawing  was  taken  from  a  section  adjacent 
to  that  from  which  figure  18  of  the  present  paper  was  drawn.  The  left  aide  was 
drawn  from  a  Weigert  series.  The  crus  shows  the  two  chief  bundles  described  in 
the  text.  To  what  extent  the  fascicles  of  the  two  bundles  intermingle  as  they  are 
distributed  to  the  pallium  and  the  ventricular  lobe  it  is  impossible  to  say  from 
sections  of  normal  brains.  The  relation  of  the  anterior  commissure  to  the  inter- 
nal capsule  is  better  shown  in  figure  48.  Medial  to  the  crus  appear  two  other 
bundles.  The  darker  one  is  the  ipedial  forebrain  bundle,  the  lighter  is  the  olfac- 
tory projection  tract. 

Fig.  33  A  section  similar  to  the  last,  taken  at  the  level  of  the  stria  meduUaris. 
From  Johnston  '13b,  fig.  18.  The  two  bundles  of  the  crus  are  separated  by  a 
notch  medially.  The  medial  forebrain  bundle  is  ventral  to  the  olfactory  projec- 
tion tract  and  in  contact  with  the  postoptic  decussation.  The  lower  part  of  the 
fiber  area  beneath  the  letters  e.i.,  belongs  to  the  olfactory  projection  tract. 
The  stria  meduUaris  is  more  superficial. 
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Fig.  34  A  section  similar  to  the  last,  t&ken  near  the  roatral  endof  the  ventriC' 
uUr  ridge.  The  internal  capsule  fibers  are  related  largely  to  the  palUal  thicken- 
ing (cl.).  Themedialpart  of  the  fiber  bundles  below  belongs  to  the  medial  fore- 
brain  bundle.    Its  fibers  are  related  only  to  the  caudate  and  olfactory  nuclei. 

Fig.  36  Vesicular  structures  in  the  caudate  nucleus,  a,  outline  of  a  trans- 
verse section  to  indicate  the  position  in  which  such  vesicles  are  fovind.  This  is 
nearly  at  the  same  level  as  figure  25.  Vesicles  are  found  both  rostral  and  caudal 
to  this  level,  b,  an  oblique  section  of  a  vesicle  the  lumen  of  which  contains  a 
flattened  nucleus  of  unknown  character.  Two  blood  corpuscles  are  seen.  Vesi- 
cles often  have  capillaries  closely  connected  with  them,  c,  a  transverse  section 
of  a  vesicle  with  very  sharply  defined  lumen.  Note  the  granular  contents  of  the 
inner  ends  of  the  cells.  There  are  also  faintly  stained  granules  in  the  lumen. 
The  isolated  nuclei  in  b  and  c  are  nuclei  of  nerve  cells  lying  near  the  vesicles. 
Magnifieation  in  b  and  c,  625  diameters. 

Fig,  36  Section  of  the  thickened  ependyma  surrounding  the  middle  ventric- 
ular groove  including  a  part  of  the  lentiform  nucleus.  The  nerve  cells  are 
drawn  in  outlines,  the  nuclei  of  the  ependsmia  cells  in  black.  The  lines  represent 
the  peripheral  processes  of  the  ependyma  cells.  From  the  some  section  as  figure 
16.    Magnification  112  diameters. 
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Pig.  37  Same  region  as  Bgure  36  but  on  the  left  aide  of  the  brain.  A  drawing 
from  a.  Golgi  section  to  show  the  ependyma  cells  in  the  dorsal  lip  of  the  middle 
ventricular  groove,  and  their  curved  processes. 

Fig.  38  TraDSveree  section  through  the  tuberculum  olfactorium  to  show  the 
grouping  of  cells  in  the  ialands  of  Calleja.  Prom  a  section  adjacent  to  that  shown 
in  figure  24.  Magnification  110  diameters.  The  medio-baaal  angle  of  the  left 
side  and  a  small  part  of  that  of  the  right  side  are  included,  a,  b,  c,  d,  typical 
islands,  e,  an  island  in  which  larger  and  small  cells  aremingled.  Id  some  islands 
similar  to  this  the  small  cells  definitely  show  the  vesicular  arrangement  with 
lumina.  /,  a  vesicle  similar  to  those  shown  in  figure  35.  Only  the  nuclei  are 
drawn. 
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Fig.  39  TrftUBverse  section  through  the  upper  end  of  the  gyrua  subcallosus, 
showing  the  dense  nucleus  of  the  diagonal  band  close  to  the  recesaua  superior. 
From  the  same  section  as  Sgure  19.  The  position  of  the  hippocampal  commissure 
shows  that  this  nucleus  pushes  up  near  the  medial  surface  above  the  level  of  the 
commissure.  This  ia  shown  in  the  model,  but  the  ventral  border  of  the  hippo- 
campfil  primordium  in  front  of  the  commissure  curves  dorsally  still  more  than  is 
sbowD  in  the  model  (fig.  6).  Note  how  much  smaller  these  cells  are  than  those 
of  the  adjacent  hippocampal  primordium.  Indeed  these  are  among  the  smallest 
cella  in  the  forebrain.    Magnification  110  diameters. 
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Fig.  40  Transverse  section  through  the  pyriform  lobe  and  the  pallial  thicken- 
ing to  show  the  form  &nd  grouping  of  the  cells.  From  the  same  section  as  figure 
24.  Magnification  70  diameters.  In  the  upper  part  of  the  figure  enough  of  the 
pallium  is  drawn  to  show  the  importance  of  the  peripheral  la^er  of  cetla.  The 
deeper  cells  are  smaller  and  so  closely  crowded  that  their  processes  seldom  show 
at  this  magnification.  The  thick  dendrites  of  the  larger  cells  in  the  pyriform 
lobe,  however,  are  clearly  seen.  It  is  evident  that  the  large  cell  clusters  belong 
to  the  pallium  a>nd  not  to  the  pyriform  lobe. 
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Fig.  41  Transverse  section  of  the  caudal  part  of  the  pyriform  lobe.  From 
the  same  section  as  figure  13.  Magnification  70  diameters.  In  the  upper  part 
of  the  figure  is  seen  the  sharp  dividing  line  between  pyriform  lobe  and  general 
p&Ilium.     No  well-marked  line  of  division  is  seen  below. 

Figs.  42  to  45  Four  transverse  sections  through  the  region  of  the  medial 
nucleus  of  the  amygdaloid  complex.  From  the  aame  sections  as  16,  15,  14,  13 
respectively.    Magnification  70  diameters. 
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Fig.  42  In  this  is  seen  the  cuminon  mass  of  small  cells  furmi'd  by  the  caudate 
and  the  nucleus  of  the  lateral  olfactory  tract.  Below  it  is  a  mass  of  neuropile 
in  which  appear  a  eonsiderable  number  of  larger  cells  belonging  to  the  medial 
Ducleus.  The  stria  medullaris  enters  into  this  neuropile  while  the  oifactory 
projection  tract  and  stria  termlnalis  in  part  are  related  to  the  smali-celleit  nucleus 
(compare  fig.  49). 

Fig.  43  Only  a  little  of  the  small-celled  mass  is  shown.  The  medial  nucleus 
is  lai^er  and  more  dense'  and  has  shifted  toward  the  medial  wall. 

Fig.  44  The  medial  nucleus  is  still  larger  and  surroundB  the  temporal  horn 
of  the  ventricle,  the  rostral  end  of  which  is  cut  by  the  section.  Iinme<!ialely 
caudal  to  this  the  medial  wall  of  the  ventricle  is  occupied  by  hippucampal 
formation. 
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Fig.  45  In  this  Hcction  the  medial  nurleus  occupies  the  ventricular  surface 
of  the  basal  lobe  of  the  great  ventricular  ridge.  Ventrally  this  mass  of  cells 
merges  with  the  general  pallium.*  The  dense  lamina  in  the  medial  wall  be- 
loQga  wholly  or  in  part  to  the  hippocampal  formation.  The  small  ridge  in  the 
lower  angle  of  the  ventricle  lodges  part  of  the  stria  terminalis  bundle  which 
spreads  over  the  ventricular  surface  of  the  medisj  nucleus. 
45S 
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Fig.  46  Tranaverse  section  through  the  base  of  the  ventricular  ridge  near  its 
caud&l  end.  From  the  same  section  as  figure  U,  Magnification  70  diametera, 
Tbe  relations  are  described  in  the  text.  The  figure  ahowB  typical  pallia!  walls 
laterally  and  ventrally  which  appear  to  be  involuted  to  form  the  ventricular  ridge. 
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Fig.  47  A  drawing  of  the  gubiculum  region  from  the  same  section  as  figure  17. 
Magnification  70  diameters.  The  figure  shows  very  inadequately  the  relatively 
dense  layer  of  the  hippocampus  below,  the  more  open  arrangement  of  the  cells 
in  the  eubiculum  and  the  abrupt  medial  border  of  the  general  pallium  above. 
This  txirder  is  marked  by  the  arrow. 

Fig.  48  Horiiontal  section  from  a  Weigert  aeries  to  show  the  anterior  com- 
missure and  Btria  terminalis.  The  section  ia  taken  just  at  the  level  of  the  most 
dorsal  part  of  the  stria  terminalis  where  it  curves  over  the  internal  capsule. 
At  this  point  the  anterior  commissure  meets  the  atria  (compare  fig.  32)  and 
continues  with  it  into  the  small-celled  nucleus  of  the  amygdaloid  complex. 

Fig.  49  Horizontal  section  somewhat  ventral  to  the  level  of  that  drawn  in 
figure  48,  This  is  from  another  series.  The  section  passes  through  the  lower 
or  ventral  part  of  the  stria  terminalis  where  it  lies  close  upon  and  a  little  iuter- 
roingled  with  the  internal  capsule.  The  section  is  drawn  to  show  that  the  stria 
terminalis  and  the  olfactory  projection  tract  are  divisions  of  a  common  broad 
bundle  arising  from  the  small-celled  part  of  the  amygdaloid  complex.  The 
bundle  which  enters  the  stria  terminalis  from  the  basal  lobe  of  the  ventricular 
ridge  is  drawn  although  it  is  almost  wholly  non-medu Hated.  It  can  not  be  traced 
farther  forward  in  these  sections. 
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Fig.  60  Horizontal  section  through  the  temporal  pole  and  thalamus.  Same 
series  as  figure  49.  This  section  shows  the  fiber  bundle  of  the  diagonal  baod 
where  it  crosses  the  basa!  surface  of  the  crus  and  medial  forebrain  bundle. 

Fig.  51  Parasagittal  section  close  to  the  right  lateral  surface.  Weigert  stain. 
The  cell  masses  of  the  pyriform  lobe  and  pallial  thickening  are  outlined  in  broken 
lines;  also  the  line  of  division  between  the  striatum  and  the  amygdaloid  complex. 
The  figure  shows  especially  the  fibers  of  the  internal  capsule  entering  the  pallial 
thickening. 

Fig.  62  Section  from  the  same  series  as  the  last.  Near  the  median  plane. 
The  section  shows  the  hippocampal  commissure  itsing  in  the  hippocampal  pri- 
mordium  to  join  the  fimbria  system.  There  are  showD  also  the  relations  of  the 
sensory  bundle  of  the  crus,  the  olfactory  projection  tract  and  the  medial  forebrain 
bundle. 
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Fig.  53  A  section  from  the  sanje  series  ae  the  last.  It  is  taken  from  the  left 
side  of  the  brain.  Owing  to  the  oblique  plane  of  the  sections  this  is  near  the 
median  plane  at  the  level  of  the  third  nerve,  but  farther  from  the  middle  in  the 
forebrain  than  in  figure  52. 
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Flr.  54  A  xection  from  the  same  series,  Farther  laterad  than  the  last.  This 
section  shows  a  part  of  the  sensory  and  the  motor  bundle  of  the  crus,  the  ol- 
factory projection  trsct  and  the  median  forebrain  bundle.  It  is  especially  inter- 
esting to  note  from  these  sections  that  l>oth  the  olfactory  projection  tract  and  the 
median  forebrain  bundle  run  almost  wholly  to  the  tegmental  region  or  farther 
caudad,  whereas  it  has  been  suppo.sc(I  that  they  both  end  for  the  most  part  in  the 
hypothalamus. 

Fig.  55  A  diagram  of  the  lateral  olfactory  tract  together  with  a  part  of  the 
medial  olfactory  tract  and  of  the  bundle'  of  the  diagonal  band.  Outline  taken 
from  figure  5.  The  6gure  shows  the  bundle  which  bends  down  behind  the  striatal 
area  to  end  in  the  nucleus  of  the  lateral  olfactory  tract  in  the  amygdaloid  emi- 
nence. At  a  is  seen  the  bundle  which  comes  from  the  medial  wall  of  the  olfactory 
bulb,  crosses  over  the  dorsal  surface  in  the  peduncular  groove  and  joins  the 
lateral  tract.  The  whole  course  of  the  diagonal  band  can  not  be  seen  in  this 
lateral  view. 

Fig.  56  A  diagram  of  the  olfactory  tract  in  ventral  view.  Outline  taken 
from  figure  S.  The  medial  and  lateral  bundles  of  theolfactory  tract  are  separated 
by  the  striatal  area  containing  the  fibers  of  the  crus.  A  bundle  of  the  lateral 
tract  curves  around  lateral  and  caudal  to  this  area  to  reach  the  nucleus  of  the 
lateral  olfactory  tract,  while  a  bundle  of  the  medial  tract  passes  along  the  ventral 
border  of  the  striatal  area  to  reach  the  same  nucleus.  From  this  nucleus,  then, 
fibers  enter  the  stria  medullaris  and  the  bundle  of  the  diagonal  band.  The 
latter  go  to  the  hippocampus  by  way  of  the  precommissural  fornix  system. 
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Fig,  57  A  diagram  of  tracts  io  the  medial  wall.  Outline  from  figure  6.  This 
shows  especially  how  the  fimbria  system  is  made  up  of  several  compoDenta:  ol- 
factory tract  fibers,  precommissural  fibers  from  the  diagonal  band,  hippoctunpa] 
commissure,  and  fornix  (not  drawn). 

Fig.  58    Sketch  of  the  right  hemisphere  after  figure  10  with  lines  to  show  the 
position  of  the  sections  drawn  in  figures  11  to  30. 
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31.  On  the  implantation  and  placeniation  in  the  Sciuroid  rodents  ilaniern). 

Thosias  G.  Lee,  Institute  of  Anatomy,  University  of  Minnesota. 

In  1902  and  1903  the  writer  published  descriptions  of  the  implan- 
tation of  the  ovum  in  Spermopbilus.  In  this  work  attention  was  called 
to  a  method  of  implantation  and  a  series  of  structural  changes  pre- 
ceding the  formation  of  the  true  placenta  which  were  unlike  those  of 
any  other  previously  described  mammal,  and  at  the  same  time  were  the 
first  account  of  the  implantation  in  any  of  the  Sciuroidae.  These 
observations  were  confirmed  on  the  European  Spermopbilus  by  Rejeek. 
In  1905  Mtiller  found  similar  conditions  in  the  European  red  squirrel, 
Sciurus.  In  1910  the  writer  described  the  early  stages  of  Cynomya  at 
the  International  Anatomical  Congress  in  Brussels.  Since  1902  the 
writer  has  been  engaged  in  collecting  early  stages  of  various  genera  of 
American  Sciuroid  rodents  to  determine  if  the  peculiar  conditions  found 
in  Spermopbilus  (or  'Citellus'  as  the  taxonomists  have  since  decided 
upon  as  the  proper  generic  name)  were  characteristic  of  this  large  group 
of  rodents.  The  collection  of  very  early  stages  of  wild  rodents  which 
breed  for  the  most  part  but  once  a  year,  and  whose  genera  are  widely 
separated  over  the  United  States,  is  an  extremely  tedious  and  very 
expensive  undertaking,  but  sufficient  material  has  been  secured  to  date 
of  the  following  genera  of  the  Sciuroidae  to  determine  that  the  general 
method  of  implantation  and  placentation  as  previously  described  for 
Citellus  (Spermopbilus)  hold  true  for  the  larger  division.  The  genera 
studied  include  Citellus,  3  species,  Ammospermophilus,  Tamias,  Cyn- 
omys,  and  Sciurus.  The  writer  is  preparing  a  more  complete  description 
and  illustration  of  the  early  developmental  conditions  characteristic 
of  these  Sciruoidae  than  was  possible  before  with  the  quite  limited 
material.  The  greater  variety  of  material  now  available  enables  one 
to  point  out  the  interesh'ng  slight  divergences  among  the  several  genera. 
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SS.  On  iherelcUiojisMp  of  the  tiTtdocardium  to  entoderm  in  CiteUua.   Thouas 

G.  Lbe,  Institute  of  Anatomy,  University  of  Minnesota. 

In  studying  the  early  development  of  the  sciuroid  rodent  Cltellus 
the  writer  noted  the  following  described  conditions  which  iriky  be  of 
interest  to  investigators  working  on  that  yet  unsolved  problem  of  the 
onfcia  of  the  vascular  system. 

With  the  folding  over  and  fusion  of  the  entodermal  walla  of  the  fore- 
gut  to  form  the  pharynx  region,  there  is  to  be  noted  a  dorso-lateral 
angle  on  either  side  formed  by  the  dorsal  wall  on  either  side  of  the  chorda 
and  the  lateral  wall  of  the  pharynx  and  a  somewhat  less  prominent 
ventro-lateral  angle  or  groove,  which  will  be  designated  in  this  paper 
as  the  cardiac  sulcus. 

Each  cardiac  sulcus  is  a  groove  or  furrow  in  the  free  surface  of  the  ento- 
derm which  follows  the  course  of  the  lateral  hearts.  It  begins  in  the 
lateral  wall  of  the  mid  gut  region  and  extends  forwards  to  enter  the  closed 
pharynx  region  at  the  ventro-lateral  angle  and  then  continues  along 
the  ventral  wall  of  the  phamyx  converging  to  unite  with  the  opposite 
sulcus  in  the  mid  Ventral  line  just  above  the  point  of  fusion  of  the  lateral 
hearts.  t 

The  entoderm  in  the  line  of  the  cardiac  sulcils  is  considerably  thicker 
than  that  on  either  side.  This  thickening,  however,  is  not  uniform; 
it  is  more  pronounced  in  certain  areas  than  others.  There  is  thus 
produced  a  corresponding  elevation  or  ridge  of  the  entoderm  in  the 
direction  of  the  lateral  heart.  This  thickened  entoderm  constitutes 
the  walls  of  the  sulcus.  The  groove,  while  easily  recognizable  through- 
out its  course,  varies  in  its  shape;  in  places  it  is  narrow  and  deep,  in 
other  places  it  becomes  widened  out  and  quite  shallow.  In  embryos 
of  this  stage  of  development,  the  fold  of  splanchnic  mesoderm  which 
will  form  the  myocardium  does  not  completely  envelope  the  endothe- 
lial tube-of  the  lateral  heart,  the  interval  being  completed  by  the  ento- 
derm of  the  forcgut.  It  is  this  portion  of  the  entoderm  that  forms  the 
cardiac  sulcus.  The  above  described  sulcus  is  not  pecuUar  to  Citellus 
but  is  figured  by  many  investigators,  as  Kolliker  in  the  rabbit,  Fleisch- 
man  in  the  cat.  Bonnet  in  the  dog.  It  is  a  transitory  structure  but  is 
probably  to  be  found  in  all  mammals  at  the  proper  stage  of  development. 
While  this  region  has  been  figured,  almost  no  reference  has  been  made 
to  it  as  far  as  I  am  at  present  familiar  with  the  hterature. 

In  a  number  of  series  of  Citellus  I  have  found  interesting  examples 
of  an  intimate  relationship  between  the  entoderm  of  the  cardiac  sulcus 
and  the  endocardium  of  the  lateral  heart  as  shown  by  the  reconstructions 
and  drawings  that  illustrate  this  paper. 

In  the  Citellus  embiyo  here  modelled,  the  primary  implantation 
attachment  (previously  described  by  the  writer)  is  just  separating  while 
the  trophoblastic  attachment  for  the  allantoic  placenta  is  beginning 
at  the  mesometrial  portion  of  the  uterine  cavity;  the  amnion  is  not  yet 
quite  complete;  the  foregut  is  closed,  the  ectoderm  of  the  oral  plate  is 
fused  with  the  entoderm  but  not  broken  through;  the  phaiynx  does  not 
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yet  show  the  evagination  of  the  pouches;  the  endocardium  of  the  lateral 
heart  is  beginning  to  fuse  at  the  anterior  end;  the  two  dorsal  aortae 
are  well  outlined,  the  first  aortic  arch  is  not  yet  completed.     In  an 

embryo  at  this  stage  the  endocardium  of  the  lateral  heart  on  either  side, 
in  the  region  between  the  junctions  of  foregut  and  midgut  and  the  point 
of  beginning  union  of  the  two  lateral  hearts,  shows  an  intimate  relation- 
ship to  the  thickened  entoderm  of  the  cardiac  sulcus.  The  endocardial 
tube  is  free  and  separate  from  the  myocardial  fold  of  splanchnic  mesoderm 
in  the  sections,  the  contour  of  the  tube  is  either  oval  or  pear-shaped  with 
a  portion  of  the  endothelial  wall  extended  out  as  a  thin  fold  or  strand 
of  cells  toward  the  sulcus.  Examining  the  series  section  by  section  it 
will  be  seen  that  while  in  each  there  is  the  extension  of  the  fold  or  strand 
of  cells  toward  the  sulcus,  in  certain  sections  there  is  a  short  interval 
and  in  others  very  close  contact;  in  certain  sections  there  is  distinct 
continuity  with  the  entoderm  of  the  sulcus  walla.  This  intimate  re- 
lationship is  lost  in  the  region  of  the  fusion  of  the  lateral  heart. 
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Proceedings  of  the  American  Association  of  Anatomists,  thir- 
tieth session,  at  the  University  of  Pennsylvania,  Philadelphia, 
Pa.     December  31,  1913. 

39a.  The  passage  of  the  ovum  through  the  uterine  epithelium  in  Oeomys 
■buTsarius,  with  demonstration  of  wax  reconstructions.  Thomas  G. 
Lee,  Institute  of  Anatomy,  University  of  Minnesota. 
Within  the  order  of  Rodentia  there  exists  a  greater  variety  in  the 
implantation  of  ovum  and  formation  of  decidual  cavity  than  in  any  of 
the  other  main  divisions  of  the  Manunalia.  The  r^e  of  variation  ex- 
tends from  those  forma,  like  the  rabbit,  in  which  the  whole  of  the  uterine 
lumen  ia  utiUzed,  to  that  of  mouse  and  rat,  where  only  a  restricted  por- 
tion of  the  uterine  cavity  is  transformed  into  a  decidual  cavity.  Then 
follows  those  peculiar  forms,  as  Citellus  (spermophilus),  in  which  the 
writer  in  1902  and  1903  described  for  the  first  time  a  rodent  in  which 
the  trophoblastic  layer  .of  cells  at  close  of  segmentation  caused  the 
destruction  of  a  small  area  of  the  uterine  epithelium  at  the  antimesomet- 
rial  portion  of  uterine  cavity,  followed  by  an  outgrowth  of  trophoblastic 
cells  into  the  mucosa  to  form  a  nutrient  organ,  followed  by  the  atrophy 
and  disappearance  of  this  organ  upon  the  completion  of  the  allantoic 
placenta  at  the  mesometrial  portion  of  the  uterus;  the  whole  of  the  uter- 
ine cavity  beii^  utilized  for  a  decidual  cavity,  as  in  the  rabbit.  And 
lastly  are  found  those  forms  in  which,  as  in  man,  the  ovum  passes  entirely 
through  the  uterine  epithelium  and  a  new  decidual  cavity  is  formed  in 
the  mucosa  and  independent  of  the  uterine  lumen.  The  first  rodent  of 
this  type  to  be  described  was  the  guinea  pig,  so  beautifully  worked  out 
by  Grajf  Spee.  In  Geomys  we  find  a  second  rodent  of  this  type,  but  with 
the  following  important  points  of  diflference  from  the  guinea-pig  which 
are  shown  in  these  reeonstructions.     In  the  guinea-pig  the  ovum  passes 
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through  the  uterine  epithelium  at  close  of  segmentation,  and  while  it  is 
very  small  in  volimie,  the  small  perforation  is  quickly  closed  and  the 
uterine  cavity  completely  separated  by  epithelium  from  the  new  decidual 
cavity.  In  Geomys,  on  the  contrary,  the  ovum  perforates  the  uterine 
epithelium  in  the  blastula  stage,  and  when  of  so  large  a  diameter  that 
the  edges  of  the  lai^e  rounded  perforation  of  the  uterine  epithelium 
cannot  grow  together  as  in  the  guinea-pig,  or  be  filled  with  a  fibrin  plug 
as  in  man,  this  opening  persists  during  the  entire  preplacental  period. 
The  epithelium  at  the  lip  of  perforation  is  somewhat  everted  and  gives 
a  point  of  attachment  to  a  zone  of  the  trophoblastic  layer  of  the  blasto- 
cyst. The  dorsal  portion  of  the  trophoblastic  layer  extends  across  the 
opening,  and  by  this  zonal  attachment  to  the  epithelial  lip  completely 
shuts  off  the  uterine  lumen  from  the  new  decidual  cavity.  The  cells 
of  the  mucosa  are  broken  down  and  the  decidual  cavity  is  rapidly  en- 
larged. The  blastocyst  sinks  down  into  this  cavity  but-continues  to 
be  suspended  by  the  above  described  zonal  attachment  to  the  lip  of  the 
epithelial  perforation.  This  zone  will  ultimately  form  the  outer  marpn 
of  the  allantoic  placenta.  A  detailed  description  of  the  unique  prepla- 
cental development  in  Geomys  with  plates  will  be  published  in  the  near 
future. 
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Proceedings  of  the  Airferican  Association  of  Anatomists,  thir- 
tieth session,  at  the  University  of  Pennsylvania,  Philadelphia, 
Pa.     December  31,  1913. 

S9b.  An  improved  electric  microscope  lamp,  with  demonstration.  Thomas 
G,  Lee,  Institute  of  Anatomy,  University  of  Minnesota. 
This  lamp  was  devised  by  the  writer  to  meet  the  demand  for  a  small 
compact  and  portable  lamp  for  individual  staff  or  student  use  in  the 
Minnesota  Institute  of  Anatomy,  and  has  proved  to  be  so  satisfactory 
that  it  ia  here  demonstrated  for  the  benefit  of  the  members  of  the  Asso- 
ciation. The  l&mp  consists  of  a  small  vulcanite  base  fitted  with  a 
silvered  reflector  and  a  socket  into  which  can  be  screwed  as  desired  either 
a  2,  4  or  6  candle-power  Mazda  lamp  with  miniature  base;  a  metal  cap 
supported  by  3  rods  which  fit  into  the  base  shuts  off  alt  side  light  and 
gives  the  necessary  ventilation.  In  the  top  of  this  cap  is  an  opening 
the  same  size  as  the  base  of  the  Abbe  condensor.  A  device  on  the  top  of 
the  metal  cap  holds  in  place  over  this  openii^  the  ordinary  blue  or  ground 
glass  plates  conunonly  used  with  the  Abbe  condensor,  thus  giving  at  all 
times  monochromatic  light  of  uniform  intensity.  The  base  is  fitted  with 
flexible  electric  fixture  wire  terminating  in  a  small  plug  which  fits  into  a 
socket  in  the  table  top.  The  entire  lamp  is  small,  about  two  inches  in 
diameter  and  in  height,  so  that  it  readily  fits  in  under  the  Abbe  condensor 
when  the  mirror  is  pushed  to  one  side.  When  not  in  use,  the  lamp  can 
be  put  away  in  the  student's  locker  with  the  rest  of  his  outfit.  A  stock 
automobile  Mazda  bulb  of  standard  make  of  6  volts,  5  watts,  alternating 
current  is  used  in  this  lamp.  It  ia  the  smallest  available,  the  least  ex- 
pensive, and  will  withstand  rough  usage.  In  fitting  up  the  laboratory 
tables  a  step  down  transformer  is  coimected  with  the  feed  wire.  This 
reduces  the  current  used  from  110  volts  to  6  volts.  These  transformers 
are  small,  inexpensive,  and  can  be  had  of  any  capacity  desired,  are  used 
in  the  trade  in  sign  lighting  apparatus.  The  wires  leading  from  trans- 
former are  run  underneath  the  tables  and  connected  to  the  sockets  which 
are  set  intd  table  top  at  any  desired  point.  A  detailed  description  of 
this  apparatus  with  illustrations  will  appear  in  the  near  future. 
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41  ■  Studies  on  the  syrinx  of  GaUus  (Jomestt'cus.  J.  A,  Mtees,  Institute 
of  Anatomy,  Univereity  of  Minnesota,  Minneapolis. 
The  results  of  this  work  may  be  summarized  as  follows: 
Structure.  (1)  The  aj'rinx  of  the  domestic  chicken  belongs  to  the 
tracheo-bronchialis  type,  and  is  quite  simple  when  compared  with  the 
voice  organ  of  song  birds.  (2)  No  intrinsic  muscles  are  present  in  the 
syrinx  of  Gallus  domesticus.  The  extrinsic  paired  stemo-trachealis 
with  its  caudal  prolongations  constitute  the  entire  musculature  of  the 
syrinx.  (3)  The  rigid  skeleton  is  very  highly  modified.  The  first 
four  tracheal  rings  are  imperfectly  fused  to  form  the  tympanum.  The 
four  intermediate  syrii^eal  cartilages  are  continuous  ventraUy  with  the 
ventral  pj-ramid  of  the  pessulus,  while  dorsally  they  end  unattached. 
The  first  bronchial  half-rii^  are  large  and  in  adults  are  attached  and 
fused  at  both  ends  of  the  pessulus.  The  pessulus  is  the  largest  of  all 
skeletal  parts  and  lies  dorso-ventrally  at  the  junction  of  the  bronchi  in 
a  plane  transverse  to  the  long  axis  of  the  trachea.  The  tracheal  rings, 
the  pessulus,  and  the  ventral  ends  of  the  first  half-rings  become  os-sified, 
while  all  other  skeletal  parts  remain  cartilaginous.  (4)  The  external 
tympanic  membranes  appear  between  the  fourth  intermediate  syringeal 
cartilages  and  the  first  half-rings  while  the  internal  tympanic  membranes 
extend  from  the  caudal  borders  of  the  pessulus  to  the  bronchidesmns 
and  represent  merely  a  modified  part  of  the  medial  bronchial  walls. 
(5)  The  syiinx  is  lined  with  stratified  ciliated  columnar  epithelium 
containing  numerous  simple  alveolar  glands.  Upon  approaching  the 
tympanic  membranes  this  columnar  epithelium  is  transformed  into  a 
stratified  squamous  epithelium  which  becomes  a  single  layer  of  flat- 
tened cells  over  the  membranes  proper,  (6)  The  tympanum  is  attached 
to  the  remainder  of  the  syrinx  only  by  elastic  membranes. 

Development.  (1)  The  first  indication  of  the  respiratory  system  was 
observed  in  a  68  hoar  embryo  in  which  the  laryngeo-tracheal  groove  and 
the  bronchi  were  represented.  At  first  the  trachea  is  much  shorter 
than  the  bronchi,  but  with  the  development  of  the  neck,  it  becomes, 
after  the  140  hour  stage,  relatively  much  longer  than  the  bronchi.  The 
walls  of  the  trachea  and  the  bronchi  are  at  first  composed  only  of  epithe- 
lium which  contains  two  or  three  rows  of  nuclei.  (2)  The  mesenchymal 
condensation  common  to  the  entire  epithelial  tube  first  becomes  markedly 
prominent  at  the  tracheal  bifurcation  in  an  embryo  of  152  hours.  (3) 
The  anlagen  of  the  first  bronchial  half-rings  appear  in  a  176  hour  embryo, 
those  of  the  fourth  intermediate  syringeal  cartilages  appear  12  hours 
later.  The  anlagen  of  the  third  intermediate  syringeal  cartilages  and 
the  anlage  of  the  pessulus  are  present  at  200  hours,  (4)  Distinct 
cartilage  cells  were  first  observed  in  the  fii-st  bronchial  half-rings.  (5) 
The  first  four  tracheal  rings  have  not  united  to  form  the  tympanum  at 
hatching,  nor  have  the  other  skeletal  elements  taken  the  shape  of  those 
found  in  the  adult.  No  bone  is  present  at  the  time  of  hatching.  (6) 
Ciliated  cells  are  present  in  stages  beyond  248  hours  but  were  not  ob- 
served in  the  region  of  the  future  tympanic  membranes,  (7)  Mucous 
cells  were  first  oljserved  in  332  hour  embryos  and  only  in  later  stages 
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were  they  found  arranged  in  the  form  of  simple  alveolar  glands.  (8) 
Muscular  tissue  is  differentiated  in  the  176  hour  stage.  Muscle  fibers 
showing  faint  cross  striations  appear  at  296  hours.  At  452  hours  the 
muscles  are  well  developed.  (9)  At  the  time  of  hatching  the  tympanic 
membranes  are  thick.  They  are  covered,  however,  as  in  the  adult, 
with  a  single  layer  of  epithelial  cells. 

Function.  (1)  That  the  syrinx  is  the  true  voice  organ  of  the  chicken 
is  evident  from  the  following  deductions:  First,  structurally  it  is  the 
only  part  of  the  respiratory  tract  capable  of  producing  sound;  Second, 
when  the  trachea  is  divided  and  the  cephalic  portion  tightly  tied  off, 
the  chicken  is  still  able  to  crow;  Third,  after  division  of  the  trachea, 
voice  can  be  repro<luced  artificially  by  forcing  air  into  the  air  sacs. 
(2)  The  upper  larynx  serves  only  to  modulate  the  voice,  (3)  The 
Bterao-tracheal  muscles  by  their  contraction  shorten  the  trachea  and 
modify  pitch.  They  also  draw  the  tympanum  cephalad,  thus  indirectly 
varying  the  tenseness  of  the  tympanic  membranes.  (4)  The  air  sacs 
are  necessary  in  voice  production,  for  voice  could  not  be  reproduced 
artificially  alter  puncturing  the  cervical  sacs. 
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Proceedings  of  the  American  Association  of  Anatomists,  thir- 
tieth session,  at  the  University  of  Pennsylvania,  Philadelphia, 
Pa.    December  31,  1913. 

48.  The developmeJiiof  the paiicreas in  selachians.    Richard  E.  Scahmon, 

Institute  of  Anatomy,  University  of  Minnesota. 

The  pancreas  of  selachians  is  remarkable  in  that  it  arises  from  a  9it^;le 
diverticulum  which  has  generally  been  described  as  dorsal  in  position. 
It  is,  however,  very  difficult  to  determine  the  exact  position  of  this 
anlage  by  the  customary  means  of  reconstruction.  For  this  purpose, 
therefore,  I  have  applied  the  method  of  graphic  reconstruction  devised 
by  Weber.  This  method,  which  seems  to  me  a  most  valuable  device  for 
studying  the  early  staRes  of  the  larger  glands,  has  apparently  been  em- 
ployed only  by  its  originator  some  ten  years  ago  in  an  extensive  study  of 
the  earliest  stf^es  of  development  of  the  Uver  and  pancreas  in  Amniotes. 
The  details  of  this  procedure  can  hardly  be  given  in  the  space  allotted 
here.  They  may  be  found  in  Weber's  original  work  {Arch.  D'Anat. 
microBC.,  T.  5,  '03),  and  will  be  again  presented  in  this  paper  in  its  final 
form.  In  general  terms,  it  is  a  modification  of  the  graphic  method  of 
reconstruction  in  which  the  varying  thickness  of  the  epithelium  of  the 
reconstructed  archenteron  is  represented  in  corresponding  varying 
shades  of  color  so  that  one  may  study  the  various  areas  of  epithelial 
thickening  in  much  the  same  way  that  one  interprets  the  elevations  of 
land  in  a  topographic  map. 

A  reconstruction  made  in  this  manner  of  the  midgut  of  an  Acanthias 
embryo  5.2  mm.  in  longth,  whirh  is  of  a  stage  well  preceding  any  indica- 
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tion  of  the  pancreas  as  an  outpouchu^,  shows  in  the  future  pancreatic 
region  of  thickened  epithehmn  which  includes  not  only  the  dorsal  zone 
of  the  gut  but  extends  well  ventrally.  This  pancreatic  area  is  connected 
with  a  large  thickening  ventral  and  anterior  to  it  which  constitutes  the 
liver  anlage.  These  two  thickenings,  the  pancreatic  and  hepatic,  con- 
stitute, with  the  thickened  epithelium  connecting  them,  a  ring  which 
passes  obliquely  completely  around  the  arehenteron.  The  existence  of 
such  a  pancreatic-hepatic  ring  was  postulated  long  ago  by  Brachet  and 
has  been  demonstrated  to  a  great  extent  in  Amniotes  by  Weber. 

Reconstructions  by  Weber's  method  of  the  midgut  regions  of  embrj'os 
of  Acanthias  7.5,  9  and  10  mm.  in  length,  show  a  gradual  breaking  up  of 
this  ventral  hepatic  segment.  Between  the  two  the  epithelium  remains 
somewhat  thickened  and  in  this  occurs  a  particularly  thickened  patch 
which  occupied  the  same  position  as  does  the  anlage  of  the  ventral  pan- 
creas in  the  higher  vertebrates.  This  thickened  plate  never  produces 
an  outpouching  and  disappears  in  older  embryos.  While  the  dorsal 
outpouching  of  the  pancreas  is  a  single  one,  there  is  in  Acanthias  at  least, 
an  early  indication  of  division  into  right  and  left  lobes.  This  division 
is  not  very  distinct  and  can  hardly  be  demonstrated  without  Weberian 
and  plastic  reconstructions.  In  Acanthias  the  left  lobe  lies  anterior  to 
the  right  and  is  the  smaller.  It  forms  in  embryos  from  15  to  35  mm.  in 
length  a  distinct  antero-ventral  mass  which  later  is  to  a  considerable 
extent  incorporated  in  the  descending  limb  of  the  gland.  In  such 
other  selachians  as  I  have  studied  this  lobe  lies  posterior  to  the  right 
one.  This  is  probably  because  the  left  lobe  is  not  differentiated  until  the 
gland  begins  to  separate  from  the  gut  and  in  all  selachians  except  Acan- 
thias separation  takes  place  antero-posteriorly.  I  do  not  think  that  the 
bilobed  dorsal  pancreas  is  to  be  regarded  as  a  primitive  condition. 
Rather  it  is  produced  by  the  clockwise  rotation  of  the  gut  and  the  forma- 
tion of  the  spiral  valve.  Bilobed  dorsal  pancreas  anlagen  are  foimd  in 
mammals  and  in  selachians  but  have  not  been  clearly  demonstrated  else- 
where unless  one  accepts  the  observations  of  von  Kiippfer  the  value  of 
which  has  been  rendered  doubtful  by  the  work  of  Piper  and  Xicolas,  It 
seems  then  that  the  bilobed  form  of  dorsal  pancreas  is  limited  to  those 
forms  in  which  the  clockwise  rotation  of  the  gut  (common  to  some  extent 
to  all  vertebrates)  takes  place  at  an  early  period  and  that  this  form  of 
pancreas  is  due  to  that  rotation. 

A  more  complete  statement  of  the  development  of  the  selachian  pan- 
creas  will  be  published  in  the  near  future. 
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4o.  The  technique  of  Weber's  method  of  reconstruction.  Richard  E. 
ScAHUON,  Institute  of  Anatomy,  University  of  Minnesota.  (Lan- 
tern slides.) 

This  method  as  used  by  its  author  was  applied  mainly  to  surfaces 
which  were  almost  flat.  Its  extension  to  the  study  of  rounded  surfaces 
requires  that  a  method  of  curvature  elimination  be  adopted.  In  deal- 
ing with  the  surfaces  of  cylinders  or  cones  this  is  easily  done  by  cor- 
recting for  vertical  curvature  alone,  but  where  segments  of  spherical 
surfaces  are  involved  corrections  for  horizontal  curvature  are  also 
necessary.  Vertical  and  horizontal  corrections  can  be  made  so  that  the 
finished  plat  will  give  an  approximately  true  representation  of  both  the 
area  and  shape  of  a  given  outline  upon  a  curved  surface. 

The  method  of  making  a  finished  reconstruction  from  the  reconstruc- 
tion piat  has  been  considerably  simplified  by  the  introduction  of  color 
by  means  of  'Herring'  papers  and  by  building  up  the  final  reconstruc- 
tion in  strata. 

The  entire  process  involves  the  following  steps:  (a)  Correcting  sec- 
tion drawings  for  vertical  curvature;  (b)  Sealing  drawings  for  thick- 
ness; (c)  Laying  out  reconstruction  plat  with  corrections  for  vertical 
and  horizontal  curvature;  (d)  Plotting  gauge  lines;  (e)  Building  upthe 
finished  reconstruction  from  the  plat. 
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ON   WEBER'S   METHOD   OF  RECONSTRUCTION    AND 
ITS  APPLICATION  TO  CURVED  SURFACES 

RICHARD  E.  SCAMMON 

7n»(i(ii(e  of  Anatomy,  Univenity  of  Minnesota 


In  embryological  work  it  is  sometimes  a  matter  of  importance 
to  determine  with  accuracy  areas  of  epithelial  thickening  which 
are  not  demonstrated  satisfactorily  by  the  ordinary  methods  of. 
graphic  or  plastic  reconstruction.  Placodal  thickenings  of  the 
skin  ectoderm,  thickened  zones  in  the  neural  tube,  and  the  thick- 
ened areas  found  in  the  early  archenteron  are  examples  of  struc- 
tures which  are  not  well  demonstrated  by  these  customary 
methods.  A  method  of  reconstruction  which  brings  out  graphi- 
cally the  extent  and  comparative  thickness  of  such  areas  was 
devised  some  years  ago  by  A.  Weber,  and  was  used  by  him  with 
much  success  in  the  study  of  the  very  early  development  of  the 
great  glands  of  the  digestive  tract,  Weber  first  published  an 
account  of  his  method  in  1902/  and  a^ain  a  shorter  summary 
in  connection  with  the  final  report  on  his  work  in  the  following 
year.^  Apparently  the  method  has  not  been  employed  elsewhere. 
I  have  found  it  of  such  interest  in  the  study  of  the  earlier  stages 
of  the  pancreas  and  liver  that  it  has  seemed  desirable  to  present 
it  here  with  some  modifications  which  may  be  found  useful, 
particularly  in  its  application  to  curved  surfaces. 

Weber's  method  is  based  upon  that  of  graphic  reconstruction 
from  transverse  sections.  An  outline  (from  either  lateral  or 
dorsal  view,  as  desired)  of  the  organ  to  be  reconstructed  is  plotted 

'  Unc  m^thode  de  reconstruction  graphique  d'^paisBeura  et  quclqucs-uiiea 
dc  ses  applications  &  rembryologie.    Bibliog,  Anat.,  T.  11, 

'  L'origine  des  glandes  annexes  de  I'intestine  moyeii  rhez  Ics  vert^br^s.  Arch. 
d'Anat.Micr.,  T.  10. 
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out  on  transverse  section  lines  in  the  customary  manner.  In- 
stead, however,  of  completing  the  reconstruction  by  indicating 
the  contour  of  the  surface  thus  outlined  (as  is  commonly  done), 
the  thickness  of  the  wall  which  forms  that  surface  is  measured 
in  the  transverse  sections,  and  the  variations  in  this  thickness 
are  plotted  out  upon  the  reconstruction.  The  reconstruction 
will  then  bear  a  number  of  lines  which  mark  the  boundaries 
between  areas  of  epithelium  of  different  thicknesses.  To  finish 
the  reconstruction,  the  areas  thus  outlined  are  filled  in  with  dif- 
ferent shades  of  a  single  color,  the  darker  shades  being  used  for 
the  thicker  areas  of  the  epithelial  wall.  The  finished  recon- 
struction then  will  exhibit  the  outline  of  the  structure  and  the 
variation  in  the  thickness  of  the  part  of  its  wall  which  is  shown 
in  this  particular  view.  It  wilt  give  no  conception  of  the  sur- 
face modeling  of  this  wall  aside  from  what  can  be  determined 
from  the  outline  alone. 

The  picture  obtained  is  much  the  same  as  would  be  secured 
were  it  possible  to  remove  the  wall  of  the  structure,  render  it 
translucent  and,  magnifying  it  greatly,  hold  it  before  a  bright 
light.  The  thicker  portions  of  the  wall  would  then  appear  to 
the  observer  as  darker  areas,  as  they  do  in  the  reconstruction. 

Figure  1  is  a  graphic  reconstruction  of  the  left  side  of  the 
archenteron  of  an  embryo  of  Torpedo  ocellata,  4.0  mm.  in  length 
(No.  765  of  the  Harvard  Embryological  Collection).  The 
portion  of  the  gut  lying  on  either  side  of  the  anterior  intestinal 
portal  and  included  between  the  lines  A  and  B  has  been  re- 
constructed by  Weber's  method  and  is  shown  in  figure  4.  The 
latter  figure  shows  by  means  of  its  coloring  a  broad  band  of  thick- 
ened epithelium  extending  dorso-ventrally  across  the  gut  at  the 
level  of  the  anterior  intestinal  portal.  The  lower  and  thickest 
part  of  this  band  represents  the  anlage  of  the  gall  bladder  and 
liver,  while  the  upper  part  includes  the  future  pancreatic  region. 
A  thickened  spur  extends  backward  from  this  zone,  and  marks 
off  the  line  along  which  the  intestine  will  eventually  separate 
from  the  yolk-stalk  ventral  to  it. 

The  method  of  preparation  of  such  reconstructions  can  best 
be  explained  in  detail  by  following  an  example  of  the  process. 
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F(w  this  purpose  I  will  use  the  reconstruction  shown  in  figure  4 
which  has  just  been  described. 

In  pr^iaring  this  reoonstmcUoa,  drawings  were  made  of  each 
section  of  the  portion  of  the  gut  involved,  although  fairly  satis- 
factory results  can  be  secured  with  drawings  of  every  other 
section.  These  drawings  should  be  made  at  a  high  magnifi- 
catioo,  prefcnJily  over  300  diameters.  Aa  the  sections  are 
drawn,  they  show  of  course  the  curvatures  of  the  contour  of  the 
archent«^n  wall.  It  is  de^able  to  eliminate  these  curvatures 
in  the  reconstruction  and  to  present  the  gut  wall  as  an  approxi- 
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Fig.  1  A  graphic  reconstruction  (lateral  view)  of  a  portion  of  the  archenteron 
of  an  embryo  of  Torpedo  ocellaU  4.0  nun.  long  (H.E.C.  765).  X  30.  The  out- 
line of  the  embryo  ia  represented  in  broken  line.  The  archenteron  is  drawn  in 
solid  line.  The  portion  of  the  archenteron  lyin([  between  the  dotted  vertical 
lines  A  and  B  in  shon'n  in  a  Weber's  reconstruction,  at  higher  m&gnification,  in 
figure  4. 


mately  fiat  plane.  If  this  is  not  done,  areas  which  project  sharply 
from  the  general  plane  of  the  archenteron  will  be  r^resented 
in  the  reconstruction  as  much  nwrower  than  they  actually  are 
in  the  specimen  or,  if  small,  may  be  lost  (aitirely.  To  eliminate 
these  curvatures,  it  is  necessary  to  divide  the  outer  margin  of 
each  section  into  a  number  of  shtM-t  cwds  or  segments,  each  of 
which  will  be  comparatively  straight,  and  to  lay  off  segments 
of  an  equal  length  on  the  transverse  section  lines  of  the  recon- 
struction. This  can  be  done  with  a  pair  of  small  screw  com- 
For  work  at  a  m^nification  of  300  diameters  and  over, 
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segments  of  1  cm.  are  small  enough  to  eliminate  most  of  the 
error  from  cxirvature.  Figure  2-  is  of  a  section  (No.  104)  of 
the  reconstruction  under  discussion.  The  short  lines  on  the 
inner  side  of  its  margin  represent  the  boundaries  of  these  centi- 
meter segments. 

■  The  thickness  of  the  epithelium  forming  the  gut  wall,  is  now 
to  be  measured  in  each  drawing.  For  this  purpose  a  unit  of 
measurement  must  first  he  determined.  Working  with  drawings 
made  at  a  magnification  of  300,  it  has  been  found  that  the  1.5  nun. 
is  the  smallest  unit  practicable  for  such  a  scale.  By  usii^  this 
unit  one  is  able  to  measure  variations  of  less  than  5  micra  in  the 
thickness  of  the  gut  wall,  and  errors  of  projection  and  drawing 
would  probably  render  more  refined  measurements  of  little  value. 
A  scale  of  1.5  mm.  units  is  laid  out  upon  a  stiff  card,  or  better, 
a  piece  of  transparent  celluloid.  This  scale  or  gauge  is  then 
passed  over  each  section,  care  being  taken  to  keep  its  graduated 
mai^in  at  right  angles  to  the  axis  of  each  segment  of  the  draw- 
ing and  its  zero  point  at  the  inner  margin  of  the  epithelium.  This 
process  is  begun  at  the  dorsal  median  line  on  each  section  and  is 
carried  laterally  or  ventraliy  from  that  point.  At  the  first 
place  where  the  thickness  of  the  epithehum  is  found  to  corre- 
spond to  a  graduation  point  on  the  scale,  a  fine  line  is  drawn  out 
to  the  side  of  the  section  and  the  thickness  noted  at  its  end.  The 
scale  is  carried  along  the  section  until  a  point  is  reached  where 
the  thickness  of  the  epithelium  corresponds  with  the  next  ^adu- 
ation  (either  above  or  below  the  former  one)  on  the  scale.  Again 
a  hne  is  drawn  out  from  the  section  at  this  point  and  the  thick- 
ness noted.  This  process  is  continued  until  the  entire  side  of 
the  section  has  been  gauged  and  marked  off  into  segments  in 
which  the  variation  in  thickness  is  not  over  1.5  mm.  on  the  draw- 
ing or  5  micra  in  the  corresponding  section.  An  example  of  a 
section  thus  gauged  is  shown  in  figure  2.  As  shown  by  the  gauge 
lines,  the  epithehum  immediately  below  the  dorsal  median  Hne 
is  between  30  and  25  micra  (6.5  mm.  at  X  300)  in  thickness. 
The  thickness  falls  to  25  micra  at  the  point  indicated.  ThLs  is 
followed  by  a  broad  zone  which  is  less  than  25,  but  over  20 
micra  thick.     Ventral  to  this  zone,  the  epithelium  increases  to 
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a  thickness  of  between  35  and  40  micra,  and  then  again  decreases 
to  leas  than  10  micra  as  it  approaches  the  blastoderm.  The 
arrows  seen  in  the  figure  point  towards  the  thinner  edge  of  the 
segment  and  are  used  to  avoid  confusion  in  mapping  out  the 
gauge  lines  on  the  reconstruction  at  a  later  time.     It  is  impor- 


Fig.  2  Drawing  of  n  transverse  scftion  of  the  archenteron  of  a  Torpedo 
embryo  4.0  mm.  long  (H.E.C  765)  showing  the  method  of  measuring  sections  for 
recouBt ruction  by  Weber's  method.  The  short  lines  extending  into  the  section 
mark  the  centimeter  segments  used  in  eliminating  lateral  curvature  from  th» 
section.  The  longer  lines  extending  out  to  the  right  from  the  section  ore  the 
gau^  lines.  The  figures  at  the  end  of  the  gauge  lines  indicate  in  micra  the  thick- 
ness of  the  epithelium  at  the  points  touched  by  them. 

tant  that  in  gauging  the  section  drawing  the  scale  be  held  at  right 
angles  to  the  long  axis  of  that  particular  part  of  the  wall  which 
is  being  measured  rather  than  at  a  similar  angle  to  either  the 
inner  or  outer  surface  of  the  epithelial  strip.  This  holds  par- 
ticularly when  gauging  the  thickness  of  an  epithelial  band  which 
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is  rapidly  changing  in  caliber,  or  when  gauging  a  portion  of  a 
band  which  forms  a  sharp  curve.  Failure  to  observe  this  pre- 
caution causes  noticeable  eiror  both  in  the  gauge  readings  and 
in  the  position  of  the  gauge  points  on  the  drawing.  There  will 
often  be  encountered  considerable  portions  of  the  wall,  the  thick' 
ness  of  which  corresponds  exactly  to  the  gauge  unit  or  a  multiple 
of  it.  My  rule,  made  arbitrarily,  has  been  to  mark  as  the  gauge 
point  the  hrst  (i.e.,  most  dorsal)  level  at  which  such  a  zone  is 
encountered. 

A  reconstruction  outline  is  now  made  on  section-lined  paper 
in  the  usual  manner,  except  that  only  the  dorsal  margin  of  the 
gut  is  mapped  out.  Using  this  margin  line  as  a  base,  the  trans- 
verse section  lines  are  divided  into  centimeter  segments  corre- 
sponding to  those  made  on  the  margins  of  the  drawings  of 
the  sections.  In  practice  it  is  convenient  to  mark  the  point 
separating  each  block  of  5  cm.  segments  in  a  different  color  to 
aid  in  plotting.  The  ventral  margin  of  the  gut  and  the  gauge 
points,  which  have  been  determined  on  the  cross  section  drawings, 
are  now  plotted  on  the  transverse  lines  of  the  reconstruction 
in  the  usual  manner,  except  that  instead  of  measuring  the  dis- 
tance of  each  point  from  the  dorsal  margin  of  the  section  and 
transferring  this  measurement  to  the  corresponding  section  line 
as  is  customary,  one  measures  the  distance  of  the  point  from  the 
nearest  centimeter  mark  in  each  case.  The  ventral  outline  of 
the  reconstruction  and  the  gauge  lines  indicating  the  thickness 
of  the  epithelium  are  established  by  connecting  all  the  points 
of  the  same  order  as  is  done  in  an  ordinary  graphic  reconstruction. 
The  reconstruction  will  now  have  the  form  seen  in  figure  ',i.  There 
the  base  and  transverse  reconstruction  lines  are  lightly  drawn 
and  the  centimeter  segment  points  are  indicated  as  small  dots 
on  the  latter.  The  outline  of  the  reconstruction  is  indicated  in 
heavy  line.  The  ventral  margin  posterior  to  the  anterior  in- 
testinal portal  has  been  cut  away  arbitrarily  in  a  straight  line. 
The  gauge  lines  indicating  the  thickness  of  the  epithelial  wall 
of  the  organ  m«  represented  in  heavy  broken  line.  The  vertic^ 
figures  placed  at  the  termination  of  the  gauge  lines  indicate 
their  values  in  micra. 
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^^*fe-  3  Reconstruction  plat  of  a  Weber  a  reconatructioTi  (lateral  view]  of  the 
P*'"*»ati  of  the  archenteron  bounded  by  the  lines  A  and  B  in  figure  1.  The  light 
Tftttcal  linea  reprcHent  the  tmnavcrse  acctions.  The  outlineof  the  reconstruct  on 
^Step^esented  in  heavy  solid  linea.  The  gauge  lines  bounding  areas  of  epithelium 
q{  different  thicknesses  are  represented  in  heavy  broken  lines.  The  dots  on  the 
transverse  line's  represent  the  boundaries  of  the  centimeter  segments  described 
in  the  text  and  ahovvn  in  ^ure  2,  The  vertical  figures  at  the  margins  of  the  re- 
construction give  the  value  of  the  gauge  lines  in  micra.  The  figure  is  reduced  to 
one-half  the  size  of  the  original  reconstruction,  which  was  made  at  a  magnifi' 
cation  of  350. 


There  remains  but  to  color  iit  the  areas  which  are  marked  off 
by  the  gauge  lines,  Weber  did  this  with  wateiMioIor  and  secured 
excellent  results,  as  his  figures  show,  but  &  much  simpler  and 
quite  as  satisfactory  a  method  is  to  use  papers  of  different  shades 
ctf  gray  for  the  different  areas.  Such  papers  should  be  as  near 
'pure'  mixtures  of  black  and  white  as  it  is  possible  to  secure. 
The  only  kind  which  I  have  found  satisfactory  is  the  'Herring' 
series  which  has  been  prepared  for  color  work  in  psychological 
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laboratories.  The  shades  numbered  3,  4,  7,  10,  16,  20,  30,  42 
and  46  make  a  satisfactory  series  of  marked  but  fairly  equal 
gradations. 

To  build  up  the  final  colored  reconstruction  gray  papers 
are  selected,  equal  in  number  to  the  areas  mapped  oflf  on  the 
reconstruction  by  the  gauge  lines.  The  entire  outline  of  the 
reconstruction  is  now  traced  upon  the  lightest  colored  paper. 
This  area  is  cut  out  and  pasted  firmly  upon  a  piece  of  compo  or 
plaster  board.  Upon  the  paper  of  the  next  darker  shade  there 
is  traced  an  outline  similar  to  the  preceding  except  that  the  space 
representing  the  thinnest  area  is  cut  away.  This  second  sheet 
is  pasted  upon  the  first  one  so  that  the  similar  angles  and  sides 
correspond.  In  this  way  the  area  of  thinnest  epithelium  is  rep- 
resented by  the  lighter  colored  paper  and  all  thicker  areas  by 
the  darker  one.  This  process  is  continued,  all  thinner  areas 
being  cut  away  from  each  new  outline  until  the  darkest,  and 
final  shade  of  paper  will  have  the  shape  and  will  represent  the 
area  of  the  thickest  epithelium  only.  This  method  of  building 
up  the  papers  of  different  colors  in  strata  will  be  found  much 
easier  than  to  cut  out  each  separately  and  then  attempt  to  fit 
thera  together  in  a  mosaic.  Figure  4  is  a  half-tone  made  directly 
from  such  a  colored  reconstruction  and  based  upon  the  plotting 
illustrated  in  figure  3. 

The  example  just  described  is  of  a  lateral  view  reconstruction. 
Reconstructions  may  be  made  by  Weber's  method  to  show  dorsal 
or  ventral  views  of  epithehal  structures  as  well.  For  this  pur- 
pose the  transverse  sections  of  the  structure  are  drawn  and  meas- 
ured in  the  same  manner  as  that  described.  A  reconstruction 
plat  is  then  laid  out  as  follows.  A  vertical  line  is  drawn  in  the 
middle  of  the  sheet  to  represent  the  dorsal  median  line  of  the 
structure  and  transverse  section  lines  are  drawn  on  either  side 
at  the  proper  distance  apart  and  at  right  angles  to  the  median 
vertical  one.  The  centimeter  points,  which  on  lateral  view 
reconstructions  must  be  measured  off  on  each  transverse  section 
line,  can  be  located  on  the  plat  in  this  case  by  simply  ruling 
vertical  lines  parallel  to  and  at  centimeter  intervals  from  the 
median  one.     The  gauge  points  and  lines  marking  the  boundaries 


,d.y  Google 


ON  WEBER  B  METHOD  OF  RECONSTHUCTION 


Fig.  4  A  finished  Weber's  reconatruction  (lateral  liew)  made  from  the  plal 
represented  in  figure  3  and  including  that  part  of  the  archenterun  lying  between 
the  lines  A  and  B  in  figure  1.  The  thicknesses  of  the  epithelium  in  several  parte 
of  the  reconstruction  are  represented  by  the  various  shades  of  gray.  Starting 
with  the  lightest,  these  several  shades  represent  the  following  epithelial  thick- 
nesses; (1)  below  HV;  (2)  10  to  15^;  (3)  15  to  20*.:  (4)  20  to  23^;  (5)  25  to  3(V; 
(8)30to35*<i  (7)35to4(V;  (S)  above  40^.  This  figure  is  reduced  to  ihrei-fifths 
the  size  of  the  original  reconstruction. 

between  areas  of  different  epithelial  thickness  are  mapped  out 
as  in  the  lateral-view  reconstruction.  Should  the  reconstruction 
be  of  a  tubular  structure,  the  ventral  median  line  must  be  de- 
termined in  each  cross  section  drawing.  In  reconstructing,  the 
tube  is  then  represented  as  split  along  its  ventral  median  line 
and  flattened  out  laterally;  i.e.,  the  lateral  margins  of  the  re- 
construction represent  in  fact  the  ventral  median  line  of  the 
original  tube.  Figure  5  is  an  example  of  such  a  reconstruction 
plat  made  from  the  same  object  employed  for  the  lateral  view  re- 
construction already  described.  The  method  of  representation 
and  lettering  are  the  same  as  used  for  figure  3. 
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Several  of  the  possible  uses  and  advantE^es  of  this  method  of 
reconstruction  have  been  mentioned.  It  r^nains  to  speak  of  a 
few  disadvantages  and  sources  of  error.  In  the  first  place  the 
outlines  of  the  reconstructions,  aside  from  the  one  used  as  a  base 
line,  are  not  strictly  such  as  would  be  secured  by  the  ordinary 
graphic  or  plastic  methods.  In  eliminatii^  the  lateral  curvatiires 
from  the  transverse  sections,  the  dimenaons  of  the  ^ure  are 
increased  dorso-ventrally  or  laterally,  as  the  case  may  be,  with- 
out a  similar  increase  antero-posteriOTly.  Wdbw  made  no 
attempt  to  eliminate  the  curvature  seen  in  cross  sections,  regard- 
ing it  in  fact  as  of  some  value  in  indicating  contour.  I  have 
already  pointed  out  the  disadvantage  in  reconstructing  without 
making  this  correction,  which  I  think  should  be  done  even  at 
the  expense  of  some  accuracy  of  outline,  which  can  easily  be 
determined  by  the  other  reconstruction  methods. 

While  the  error  introduced  by  this  method  is  small  when 
dealing  with  structm-es  having  surfaces  af)proximating  those  of 
cones  or  cylinders,  it  is  considerable  when  apphed  to  spherical 
surfaces.  Spherical  surfaces  do  not  admit  of  being  spread  out 
into  planes  as  do  those  of  cones  and  cylinders.  CartogK^ihers, 
who  have  much  this  same  problem  in  representing  large  areas 
of  the  globe,  have  develc^ed  a  number  of  methods  of  projection 
to  meet,  in  part,  this  difficulty.  These  are,  however,  too  com- 
plex for  our  work  and  are  all  based  upon  representations  of  the 
perfect  sphere.  For  the  purpose  at  hand  surfaces  which  approxi- 
mate spherical  ones  can  best  be  treated  by  first  compensating 
for  the  vertical  curvature  by  the  method  of  segmenting  the  out- 
line of  the  section  already  described;  and,  second,  by  allowii^ 
for  longitudinal  or  horizontal  cur\'ature  by  increasing  the  dis- 
tance separating  the  cross  section  lines  on  the  reconstruction  plat. 
The  latter  can  be  done  by  determining  the  actual  length  of  the 
outline  of  the  structure  to  be  reconstructed  and  dividing  this 
di.?tance  by  the  number  of  sections  which  the  structure  contains. 
Multiplying  the  figure  thus  secured  by  the  magnification  at  which 
the  reconstruction  outlines  are  drawn  gives  one  the  distance  which 
should  separate  the  section  lines  on  the  reconstruction  plat. 
This  practice  differs  from  that  of  ordinary  reconstruction  in 
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that  the  longitudinal  axis  of  the  structure  is  used  in  the  customary 
method  instead  of  the  actual  length  of  the  outline  as  in  this  case. 
Reconstructions  made  with  these  corrections  will  show  approxi- 
mately the  area  and  shape  of  any  given  outline  upon  a  curved 
surface,  although  neither  will  be  strictly  accurate.  As  a  rule 
such  correction  will  be  unnecessary  unless  one  is  dealing  with 
surfaces  which  curve  very  abruptly.  Measurements  of  the  thick- 
ness of  epithelial  plates  which  curve  longitudinally  or  horizontally 
will  always  be  a  little  exaggerated  because  such  plates  are  cut 
somewhat  obliquely  by  transverse  sections.  There  seems  to  be 
no  practical  way  of  eliminating  this  error. 

Finally,  the  reconstruction  will  represent  the  variations  in 
thickness  of  the  epithelium  as  occurring  in  definite  steps  and  not 
as  gradual  transitions  as  in  nature.  Most  of  this  artificial 
distinction  can  be  eliminated  by  using  the  smallest  unit  of 
measurement  practicable  and  thus  increasing  the  number  of 
shades  present  in  the  reconstruction  while  decreasing  the  degree 
of  their  difference.  Great  reduction  of  figures  in  their  repro- 
duction also  aids  in  securing  the  effect  of  gradual  transition. 
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INTRODUCTION 

The  structure  of  the  adult  selachian  liver  is  far  removed  from 
that  type  which  is  generally  considered  characteristic  of  the 
organ  in  vCTtebraies.  This  variance  from  the  common  verte- 
brate type  is  seen  in  the  great  accumulation  of  fat  in  the  hepatic 
cells,  in  the  comparatively  slight  development  of  the  bile  duct 
system  $nd  in  the  absence  of  lobulation  of  the  kind  generally 
found  in  higher  vertebrates.'    However,  these  pecularities  which 

'  The  histology  of  the  adult  elasmobranch  liver  was  first  briefly  described  by 
Leydig  ('51)  from  observations  on  Chimsera.  He  published  a  more  complete 
account  dealing  with  several  forms  of  selachians  in  1S53.  Later  descriptiona  of 
the  general  histology  of  the  adult  liver  have  been  given  by  Shore  and  Jones  {'80), 
Pilliet  ('90),  and  Holm  ('07).  Deflondre  ('05)  has  investigated  the  fat  content 
of  the  hepatic  cells,  and  Monti  ('98)  has  studied  the  biie  capillaries  by  the  Golgi 
method. 
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distinguish  the  selachian  liver  are  not  manifested  until  a  com- 
paratively late  stage  in  the  development  of  the  organ.  In 
earlier  stt^;es  characters  common  to  the  liver  in  all  vertebrates, 
but  which  are  often  masked  or  modified  in  bi^er  forms,  are 
shown  with  unusual  clearness.  It  is  chiefly  with  these  more 
fundamental  characters  such  as  the  formation  and  anastomoses 
of  the  hepatic  cylinders,  the  differentiation  of  the  minor  bile 
ducts  and  the  relation  of  the  parenchymatous  and  vascular 
structures  in  the  liver,  that  this  paper  has  to  do.  The  specific 
characters  of  the  selacliian  liver,  which  have  been  mentioned, 
have  been  conadered  only  incidentally. 

The  nuun  material  employed  in  this  study  consisted  of  embryos 
of  Squalus  acanthias,  but  specimens  of  Raia  batis,  Torpedo 
ocellata,  Mustelus  canis,  Mustelus  laevis  and  Squatina  angelus 
have  been  used  for  supplemental  and  comparative  work.  For 
a  large  part  of  the  Acanthias  material,  and  for  the  specimens 
of  Mustelus  laevis,  I  am  particularly  indebted  to  the  late  Dr. 
Charles  S.  Minot,  who  not  only  permitted  the  removal  (rf 
numerous  series  from  the  Harvard  Embryological  Collection, 
but  also  provided  special  material  for  use  in  this  work. 

DEVELOPMENT  OF  THE  HEPATIC  CYLINDERS 
1.  Literature 

Oiu*  conception  of  the  glandular  structure  of  the  vertebrate 
liver  rests  upon  a  large  number  of  observations  made  mainly 
in  the  first  half  of  the  last  ceutiny  and  culminating  in  the  work  of 
Eberth  ('66)  and  Herring  ('72).  Since  that  time  it  has  been 
recognized  that  the  liver  is  a  compound  gland  with  a  more  or 
less  regularly  branching  syston  of  ducts  and  with  a  terminal 
network  of  anastomosing  end  pieces,  and  our  knowledge  of  the 
details  of  this  network  has  been  greatly  extended  by  the  Golgi 
method  in  the  hands  of  Retzius  ('92),  Hendrickson  ('96)  and 
others. 

It  is  generally  stated  that  the  anastomotic  type  of  liver  is  a 
modification  of  the  compound  branchii^  gland  type.  Of  this 
the  best  proof  is  the  phylogenetic  one,  for  in  the  lower  cyclos- 
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tomes,,  the  liver  is  indeed  a  true  compound  branchii^  gland, 
as  has  been  shown  by  the  work  of  Retzius  ('92),  Holm  ('97), 
Cole  ('13)  and  others.  In  Petromyzon,  however,  anastomoses 
occur  occasionally  in  the  embryo  (Brachet  '97)  and  are  very 
numerous  in  the  adult  (Renaut  '97) .  On  the  side  of  embryology 
little  evidence  of  this  modification  has  be^i  offered,  although 
the  statraient  that  the  liver  arises  in  many  vertebrate  embiyoa 
as  a  branching  gland,  and  that  it  takes  on  its  adult  reticular 
structure  through  the  anastomoses  of  its  end  pieces,  is  common 
enough  in  texts.  But  an  examination  of  the  literature  shows  no 
more  complete  account  of  this  early  period  of  the  histogenesiB 
of  the  liver  than  that  given  by  Remak  ('55)  exceptii^  Hilton's 
work  ('03)  on  the  pig  which  has  hardly  received  the  attention 
that  it  deserves.  The  study  of  the  actual  course  of  the  anasto- 
mosis of  the  end  pieces  has  also  been  neglected,  and  the  only 
clear  statement  to  be  found  regarding  this  process  is  not  in 
connection  with  the  liver  at  all  but  in  liaguesse's  ('96)  description 
of  tiie  histogeneds  of  the  pancreas  where  he  found  numerous 
anastomoses  at  (Ufferent  stages. 

The  literature  of  the  histogeneds  of  the  liv^*  in  selachians 
is  scanty  and  has  been  to  a  lai^e  extent  reviewed  in  the  com- 
prehensive works  of  Oppel  ('00)  and  Fieseinger  ('11). 

Balfour's  ('76)  account  was  the  first  to  appear  and  as  it  has 
formed  the  basis  of  all  later  descriptions,  it  is  given  here  in  full: 

By  stage  K  the  hepatic  diverticula  have  begun  to  bud  out  a  number 
of  small  hollow  knobs.  These  rapidly  increase  in  length  and  number 
and  form  the  so-called  hepatic  cylinders.  They  anastomose  and  unite 
tf^^ther  BO  that  by  stage  L  there  is  constructed  a  regular  network. 
As  the  eyliiulers  increase  in  length  thdr  lumen  becomes  very  small 
but  appears  never  to  vanish. 

Hammar  ('93)  in  the  course  of  a  study  devoted  particularly 
to  the  development  of  the  larger  hepatic  structures  illustrates  the 
development  of  the  hepatic  cylinders  in  two  models  of  the  liver 
of  Torpedo  embryos  corresponding  in  devdopment  to  Balfour's 
stages  L  and  M.  He  makes  no  comment  upon  them  aside  from 
stating  thadt  the  trabeculae  increase  in  number  and  decrease  in 
caliber  in  the  period  intervening  between  the  two  stages. 
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Brachet  ('95)  studying  Torpedo  embryos  determined  witii 
accuracy  the  area  of  the  hepatic  diverticulum  which  gives  rise 
to  the  hepatic  tubules,  and  confirmed  Balfour's  description  of 
the  structure  of  the  hepatic  cylinders  in  later  stages. 

Holm  ('97)  figured  and  described  very  briefly  sections  of  the 
liver  of  two  Scyllium  embryos  of  advanced  stages. 

Most  of  our  later  information  concerning  the  embryonic 
hepatic  parenchyma  comes  from  the  studies  of  Braus  ('96)  on  em- 
bryos of  Acanthias,  Spinas  and  Scyllium.  Confirming  Balfour's 
observations  in  r^ard  to  early  stages  he  noted  a  complete  and 
r^ular  anastomosis  of  the  tubules  in  Acanthias  embryos  of  38 
mm.  Here  the  tubules  w^e  of  even  size  and  consisted  in  cross 
section  of  seven  cells  surrounding  a  lumen  of' variable  size  but 
distinctly  larger  than  that  seen  in  the  adult.  The  hepatic  cells 
of  this  stage  were  free  from  fat.  In  older  embryos  of  Spinax  and 
Acanthias  the  cells  were  fat  laden.  Braus  saw  no  side  branches 
nor  blind  endii^s  of  any  hepatic  capillaries. 

Choronshitzky  ('00) ,  studying  Torpedo,  found  several  secondary 
hollow  outgrowths  from  the  hepatic  pouch  in  his  "Stadium  II," 
which  corresponds  approximately  to  Balfour's  stf^  K,  and  to 
the  Normal-plate  Nos.  22-24.  In  "Stadium  HI"  which  is 
represented  by  considerably  older  embryos,  the  liver  pouches 
give  rise  to  a  number  of  small  hollow  buds,  the  cavities  of  which 
communicate  with  that  of  the  pouch.  "Die  Leber  macht  im 
allgemeinen  den  Eindruck  einer  verzwagten  Driise."  By  "Sta- 
dium IV"  the  hollow  buds  have  been  transformed  into  much 
branched  hepatic  trabeculae  which  contain  no  traces  of  lumina. 
Chorooshitzky's  opinion  of  the  mechanical  influence  of  the  blood 
vessels  on  the  formation  of  the  hepatic  tubules  will  be  discussed 
in  a  later  part  of  this  paper. 

Minot  ('00)  in  discussing  the  development  of  sinusoids,  men- 
tions the  presence  of  the  first  short  hepatic  cyUnders  in  an  Acan- 
thias embryo  of  11.5  mm.  and  speaks  of  their  anastomosis  and 
growth  in  older  stages.  He  noted  the  interesting  retardment 
of  development  which  is  to  be  seen  in  later  stages  in  the  caudal 
tip  of  the  liver  as  compared  with  the  cardiac  end.    • 
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Debeyre  ('09)  made  use  of  obBervations  upon  the  development  ' 
of  the  hepatic  cylinders  in  Acanthias  to  lay  the  j^ost  of  the 
theory  of  the  mesodermal  origin  of  the  hepatic  parenchyma, 
which  had  been  again  raised  a  short  time  before  by  G^raudel 
('07).  He  gives  no  complete  or  detailed  history  of  the  cylinders 
but  notes,  with  illuBtrations,  their  general  appearance  in  embryos 
16,  22,  and  30  mm.  in  length,  respectively.  In  the  latter  he 
recognized  the  beginnnii^  of  a  period  of  pronounced  increase 
in  the  diameter  of  the  cylinders.  Debeyre  noted  the  presence 
of  numerous  granules  in  the  apices  of  the  hepatic  cells  and  bases 
upon  this  -the  interesting  suggestion  that  the  liver  may  serve 
as  an  oi^n  of  internal  secretion  durii^  a  part  of  embryonic 
life. 

S.  Early  development  of  the  hepatic  tybulea 

In  this  account  the  structures  which  have  been  variously 
termed  hepatic  cords,  trabeculae,  cylinders  and  tubules  will 
be  spoken  of  as  tubules  as  long  as  they  remain  as  portions  of 
simple  or  branching  unanastomosed  glands.  The  term  hepatic 
cylinders  will  be  employed  for  the  same  structures  after  the 
process  of  anastomosis  has  taken  place. 

The  exact  time  when  the  aniagen  of  the  hepatic  tubules  first 
make  their  appearance  is  somewhat  variable.  In  general  they 
are  first  to  be  seen  in  embryos  from  7.5  to  9  mm.  in  length,  being 
somewhat  youi^er  than  Balfour's  stage  K'  and  correapondii^ 
to  ntmibers  22  and  23  of  the  Normal  plate  series.  Such  embryos 
have  from  fifty  to  sixty-five  segments  and  four  or  five  pairs  of 
gill  pouches  of  which  the  anterior  three  or  four  may  open  extern- 
ally. The  spiral  valve  is  in  the  process  of  formation,  making 
at  this  time  one  or  two  complete  turns  of  the  intestine  and  the 
vitelline  duct  is  reduced  to  a  short  wide  canal.  The  form  of 
liver  anlage  at  this  stage  is  represented  somewhat  diagrammati- 
cally  in  figure  1.  The  organ  consists  of  a  ventral  median  pouch 
from  the  foregut  just  anterior  to  the  vitelline  duct.    The  anterior 

*  In  correlating  embryoj]  with  stagee  of  Balfour's  serieB  only  the  general  develop- 
ment  of  the  embryo  h&s  been  considered  and  not  the  state  of  development  of  the 
orgfiu  under  diaoiuaion. 
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■  part  of  this  pouch  is  full  and  rounded  and  may  be  termed  the  pars 
hepatica  mediana.  From  the  median  pouch  spring  two  la^ 
lateral  pouches  which  fonn  together  the  pars  hepatica  lateralis. 
In  stages  just  preceding  the  appearance  of  the  tubule  anl^en  the 
lateral  pouches  are  smooth  and  globose  and  project  outward  almost 
at  right  angles  to  the  median  hepatic  pouch.  At  the  time  when 
the  tubules  are  formed,  however,  the  lateral  pouches  are  flattened 
transversely  and  have  entered  upon  a  pronounced  dorsal  growth. 
Connected  with  the  liver  pouch  above  and  in  front  and  with  the 
anterior  wall  of  the  yolk  stalk  behind  is  a  small  thick  walled 
sac,  the  anlage  of  the  gall  bladder.    The  hepatic  tubules  take 


Fig.  1  Lateral  view  of  a  semi-diap'ammatic  Teconetructian  of  the  forepit 
and  liver  of  an  Acanthiaa  embryo  S  mm.  long.  The  areas  represented  in  stipple 
give  rise  to  hepatic  tubulee. 

origin  entirely  from  the  pars  hepatica  mediana  and  the  pars  he- 
patica lateralis.  These  areas  are  indicated  in  stipple  in  figure  1- 
The  tubule  anlagen  arise  in  two  forms:  as  slif^t  longitudiDal 
ridges  upon  the  lower  part  of  the  outer  surface  of  the  lateral 
pouches  and  as  very  small  irregularities  of  the  dorsal  marine 
of  the  same  structures.  When  first  observed  the  longitudinal 
ridges  are  two  to  four  in  number  on  either  aide.  They  extend 
almost  the  entire  lei^^  of  the  lateral  pouches  and  are  distinctly 
separated  by  shallow  lateral  furrows.  Sometimes  these  ridges 
may  be  subdivided  longitudinally  at  their  ends.  Figure  17  ia  a 
view  from  the  left  side  and  below  of  the  liver  of  an  embryo  7.5 
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min.  in  length  (S.C.  14).*  This  specimen  bears  two  ridges  on  the 
left  hepatic  pouch,  but  the  r^t  pouch  is  entirely  smooth.  The 
irregularities  of  the  mai^in  of  the  hepatic  pouches,  which  also 
form  tubules,  are  at  first  so  ill  defined  as  to  be  scarcely  noticeable 
unless  reconstructed.  Then  it  is  seen  that  the  formerly  straight 
dorsal  margin  has  a  wavy  contour. 

The  tubule  ridges  rapidly  increase  both  in  size  and  number. 
New  ridges  appear  ventral  and  mesial  to  the  earlier  ones  and 
extend  to  the  base  of  the  lateral  pouches  and  upon  the  ventral 
surface  of  the  pars  hepatica  medialis  of  the  median  liver  pouch. 
No  new  ridges  appear  dorsal  to  the  first  ones  and  I  think  that  no 
new  ridges  arise  between  older  ones.  By  the  time  the  embryo 
reaches  a  length  of  10  to  12  mm.  each  lateral  pouch  wall  and 
lateral  half  of  the  pars  hepatica  medialis  bears  seven  to  ten 
tubule  ridges.  This  is  the  total  number  formed  on  either  side, 
and  when  tubules  thereafter  arise  from  the  pouch  directly,  they 
do  so  as  individual  tubules  and  not  in  the  form  of  tubule  ridges. 
Jigure  IS  b  a  view  from  the  left  side  and  below  of  a  reconstruction 
of  the  liver  of  an  Acanthias  embryo  10  mm.  in  length  (S.C.  20) 
showing  the  later  form  of  the  tubule  ridges  uid  the  beginning 
of  the  diffCTaitiation  of  tubules  from  them. 

Before  all  the  tubule  ridges  are  formed  the  ones  which  first 
develop  are  broken  up  by  transverse  or  oblique  furrows  into 
rather  irregular  rows  of  low  mound  like  elevations.  These 
elevations  are  the  aniagen  of  the  individual  hepatic  tubules  and 
taay  be  seen  in  figure  18  referred  to  above.  They  are  semi- 
circular or  nearly  so  in  cross  section  and  nearly  twice  as  long  as 
broad,  their  greater  length  being  always  directed  antero-poste- 
riorly.  Almost  immediately  the  tubules  b^in  an  active  outward 
growth  and  each  is  difierentiated  into  a  distal  extremity  which 
often  is  large  and  pouch  like,  and  a  more  slender  proximal  stalk 
which  is  connected  with  the  hepatic  pouch  and  which  is  circular 
in  cross  section.  The  further  growth  of  the  tubules  takes  place 
by  the  formation  of  tubules  of  the  second  order  from  the  distal 

*  In  demgnatinB embryos  thefollowing  abbreviations  will  be  employed :  H.E.C., 
Huvard  Embryological  Collection;  K.TT.E.C,  Embryological  Collection,  De- 
partment of  Zoology,  TTniTerait]'  of  Kaneas;  S.C,  author's  collectimi. 
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expanfflODB  of  the  piimary  ones.  The  secondary  tubules  are  ahoat 
corneal  projections  rarely  over  one  and  one-half  times  as  long  as 
their  greatest  diameter.  They  aiise  from  the  ^des  of 'the  distal 
expansion  and  almost  always  extend  out  at  right  angles  to  tiie 
axis  of  the  primary  tubule.  Those  primary  tubules  which  arise 
from  the  sides  of  the  hepatic  pouches  and  are  packed  in  among 
th^  fellows  commonly  assume  a  T-shaped  form  with  the  limbs 
of  the  T  directed  antero-posteriorly.  The  primary  tubules  which, 
arise  from  the  margins  of  the  hepatic  pouches  become  somewhat 
larger  than  those  formed  from  the  tubule  ridges  and  give  rise  to 
from  three  to  seven  secondary  tubules  from  their  expanded 
distal  chambers.  These  secondary  branches  may  again  sub- 
divide into  branches  of  the  third  order  and  upon  these  in  turn 
there  may  occasionally  be  found  nipple-like  projections  which 
represent  the  fourth  order  of  tubules.  In  the  large  majority 
of  cases,  however,  anastomosis  takes  place  before  tubules  of  the 
fourth  or  even  the  third  order  are  formed.  Figures  19  and  20 
are  of  wax  reconstructions  of  tubules  from  the  lateral  hepatic 
pouch  of  an  embryo  13.3  mm.  in  length  (S.  C.  No.  IS) .  In  figure 
19  one  sees  the  beginning  of  the  outpouchii^  of  the  distal  ex- 
pansion into  secondary  tubules.  These  structxu-ee  are  well 
marked  projections  in  the  older  tubule  shown  in  figure  20.  Figures 
22  and  23  are  two  views  of  a  hepatic  tubule  from  the  dorsal 
margin  of  the  left  hepatic  pouch  of  an  embryo  15  mm.  long 
(H.B.C.  227).  The  latter  figure  shows  tubules  of  the  fourtii 
order.  Figure  21  is  a  wax  reconstruction  of  two  young  primary 
tubules  from  the  ventral  surface  of  the  pars  hepatica  mediaUs 
of  the  same  15  mm.  embryo.  One  of  these  shows  the  b^inniog 
of  tubules  of  the  second  order. 

When  the  tubule  ridges  first  appear  on  the  hepatic  pouches 
they  are  due  to  the  increased  thickness  of  the  epithehum  in  these 
places  and  not  to  an  evagination  of  the  pouch  wall.  In  cross 
sections  of  the  ridges  (see  fig.  28,  a  cross  section  of  the  lateral 
wall  of  the  left  hepatic  pouch  of  an  embryo  of  8  mm.  K.UJE.C. 
542)  it  is  noticeable  that  the  nuclei  which  in  other  parts  of  the 
wall  are  arranged  in  two  interlocking  rows  tend  to  be  reduced 
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to  a  wa^e  row  which  lies  near  the  external  surface  of  the  epithe- 
litim.  There  seems  to  be  but  a  sin^e  layer  of  very  high  columnar 
cells  at  this  point  but  the  cell  boundaries  are  not  very  clear. 
There  is  always  a  broad  clear  zone  of  cytoplasm  towards  the 
liunen  of  the  pouch  oppo^te  the  tubule  ridge.  Mitotic  Bgures 
do  not  occur  in  the  ridges  but  are  frequent  in  the  zones  of  epithe- 
lium between  them.  Following  the  formation  of  the  ridge  there 
appears  a  very  shallow  trench  on  the  internal  surface  of  the 
epitheUum.  The  Ixmiina  of  the  individual  tubules  appear  as  the 
tubules  themselves  aie  differentiated  through  the  breaking  up 
of  the  ridges  into  rounded  anlagen.  One  then  finds  in  each  tubule 
anlage  a  narrow  slit-like  cleft  passii^  between  the  cell  walls 
at  right  angles  to  the  pouch  cavity.  This  is  shown  in  figure  29. 
Thus  at  first  the  tubule  cells  do  not  lie  at  right  angles  to  the  tubule 
lumen  but  nearly  parallel  to  it.  Later  the  cells  assume  an  oblique 
podtion  (see  again  fig.  29)  and  finally  come  to  lie  in  the  typical 
radiating  position  in  relation  to  the  lumen  (fig.  30).  As  the 
tubules  develop  the  cells  become  shorter  uid  their  nuclei  change 
fnnn  elongately  ovoid  to  nearly  spherical  bodies. 

S.  The  anastomosis  of  the  hepatic  tubules 

The  liver  is  transformed  from  a  gland  of  the  branching  to  one 
of  the  reticular  type  by  the  anastomosis  of  its  end  pieces.  The 
process  begins  in  Acanthias  in  embryos  from  12  to  15  mm.  in 
length.  Such  embryos  have  from  70  to  85  pairs  of  somites  and 
correspond  roughly  with  Balfour's  stages  L  and  K  and  with  Nos. 
25-26  of  the  Normal  plate  series.  The  tubules  arising  from  the 
dorsal  portions  of  the  lateral  liver  pouches  precede  in  t^eir 
differentiation  those  of  other  r^ons  and  it  is  generally  among 
these  dorsally  placed  tubules  that  anastomoses  are  first  found. 
Later  the  tubules  of  the  lower  parts  of  the  lateral  pouches  and 
finally  those  of  the  pars  hepatica  medialis  enter  upon  the  process. 
Variants  from  this  general  plan  of  procedure  are  not  uncommon. 
Figure  2,  of  a  sapttal  section  of  the  left  hepatic  pouch  of  an 
embryo  14  mm.  long  (S.C.  30)  shows  how  general  anastomoses 
are  when  once  they  begin  in  a  given  region . 
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No  particular  degree  of  differentiation  seems  necessary  before 
a  tubule  takes  part  in  an  anastomosis,  and  when  this  process 
begins  in  any  region  both  branched  and  simple  tubules  fuse 
indifferently.  The  commonest  form  of  anastomosis  is  that 
established  by  the  end  to  end  fusion  of  tubules,  but  tubules  may 


Fig.  3    Sagittal  section  of  the  anastomosing  tubules  of  the  left  hepatic  poach 
of  an  Acanthias  embryo  14  mm.  long  (S.G.  30.)     X  100. 

also  join  end  to  side  or  side  to  side.  The  last  type  is  much  com- 
moner in  later  stages  when  more  opportunities  are  offered  for  this 
form  of  contact.  Anastomoses  also  seem  to  take  place  with 
equal  frequency  between  tubules  formerly  quite  separate  or 
between  minor  branches  of  the  same  tubule  when  it  is  possible 
for  such  branches  to  come  in  contact. 
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F^sure  24  is  of  a  wax  reconstruction  of  three  anastomoaing 
tubules  from  the  left  hepatic  pouch  of  an  embryo  15  mm.  in 
lei^h  (H.E.C.  227).  The  pouch  wall  from  which  the  tubules 
spring  is  cut  away  squarely  around  the  base  of  each  tubule. 
Tubules  A  and  B  are  completely  anastomosed  end  to  end  but 
there  is  still  a  distinct  constriction  at  the  plane  where  they  have 
joined  and  the  liuuen  within  is  considerably  narrower  than  in 
the  bodies  of  the  tubules.  Although  not  clearly  shown  in  the 
figure  both  A  and  B  are  T-shaped  and  in  each  case  the  other 
tip  of  the  tubule  ends  freely  without  anastomosis.  Tubule  C 
IB  a  compound  one  and  the  subdivision  which  passes  over  to  join 
with  ^  is  a  branch  of  the  third  order.  There  is  as  yet  no  actual 
anastomosis  between  C  and  B,  but  the  epithelial  walls  of  the' 
two  are  in  direct  contact. 

The  lack  of  any  account  of  the  histology  of  anastomosis  seems 
to  warrant  a  rather  full  description  of  the  process  here.  The 
process  may  be  rather  arbitrarily  divided  into  three  steps  or 
stages.  In  the  first  step  the  tubules  come  in  actual  contact; 
in  the  second  there  occurs  the  fuEdon  of  thdr  walls  and  a  re- 
arrangement of  the  cells  formii^  them,  and  in  the  third  there  is 
an  establishment  of  a  connecting  channel  between  the  two 
original  lumina. 

These  stages  of  anastomods  can  be  observed  in  the  liver  of 
Acanthias  embryos  of  asry  lei^h  from  13  to  45  mm.  They  are 
more  easily  followed,  however,  in  young  specimens.  The  figures 
which  are  used  here  to  illustrate  the  process  have  been  taken 
from  embryos  tmder  20  mm.  in  length.  In  each  case  the  sections 
have  been  followed  through  and  the.  tubules  involved  have  been 
reconstructed  to  make  sure  that  the  picture  presented  was  not 
due  to  an  oblique  plane  of  section  or  a  misinterpretation  of  a 
segment  of  a  si^e  complicated  tubule. 

Early  stages  of  contact  of  the  anastomosing  tubules  are  illus- 
trated by  figure  30  which  is  a  transverse  section  of  the  left  hepatic 
pouch  of  an  embryo  13.3  mm.  long  (S.C.  18).  Numerous  tubules 
extend  outwfurd  from  the  lateral  wall  of  the  hepatic  pouch.  Of 
these  the  larger  number  are  still  in  the  form  of  simple  tubules 
which  are  expanded  distally  but  a  few  have  entered  upon  anasto- 
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mosis.  The  blood  vessels  pass  among  the  tubules  covering  than 
in  part  with  a  thm  film  of  endothelium  which  is  interrupted  at 
some  places  by  the  attachment  of  strands  of  mesenchyma  uid  at 
others  by  the  apportion  of  the  distal  surfaces  of  tubules  witii 
the  insheathing  layer  of  splanchnic  mesothelium.  Whether  this 
endotheUal  coverii^  forms  an  absolutely  continuous  partititm 
without  fenestra  between  the  blood  and  the  tubule  epithelium 
cannot  be  definitely  determined  without  injected  specimens, 
but  there  seem  to  be  places  where  the  separation  is  not  complete. 
Anastomosis  is  inaugurated  by  the  contact  of  the  involved  tubules. 
At  first  a  few  mesenchymal  or  endothelial  cells  may  separate  the 
tubules  but  these  are  apparently  pressed  to  either  side  so  that  the 
'entodermal  cells  soon  lie  in  actual  contact.  Often  at  first  only 
four  or  five  tubule  cells  actually  meet,  but  shortly  there  is  formed 
an  area  of  contact  which  generally  is  not  quite  so  large  as  the 
cahber  of  either  tubule  involved.  Sometimes  the  cells  of  one 
tubule  indent  the  wall  of  the  consort  but  this  is  not  the  conmion 
rule.  There  are  no  basement  membranes  about  the  hepatic 
tubules,  but  the  basal  margins  of  the  cells  seem  a  httle  thickened 
sp  that  for  a  time  after  contact  the  line  between  the  cells  of  the 
two  anastomosing  tubulesis  still  distinct.  With  the  disappearance 
of  this  line  the  tubules  may  be  con^dered  as  fairly  fused. 

The  connection  between  the  two  fused  tubules  is  often  drawn 
out  a  httle  formii^  a  short  stalk  or  bridge  between  them.  This 
will  be  termed  here  the  connecting  stalk.  An  indentation  upon 
the  external  surface  of  this  stalk  indicates  the  line  of  fusion  of  the 
tubules.  The  connecting  stalk,  when  present,  is  generally  a  little 
less  in  diameter  than  are  either  of  the  tubules  and  the  boundaries 
of  the  cells  forming  it  are  not  clear.  One  can  follow  the  cells, 
however,  by  the  position  of  their  nuclei.  Although  at  first  sight 
the  nuclei  appear  scattered  without  order  in  the  stalk  or  at  the 
point  of  anastomosis,  a  little  study  enables  one  to  determine  with 
some  accuracy  which  nuclei  are  contributed  by  each  tubule. 
The  two  rows  of  nuclei  approach  one  another  and  may  interlock 
but  their  radial  arrangement  in  regard  to  the  lumina  of  the  two 
original  tubules  is  not  lost  at  first.  They  then  pass  to  one  side 
or  the  other  of  the  connecting  stalk,  leaving  a  clear  cytoplasmic 
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core  in  which  cell  boundaries  axe  faintly  diatioguishable.  In  so 
doing  the  axes  of  the  nuclei  rotate  through  an  ai^le  of  90°  so 
that  instead  of  b^ng  parallel  to  the  long  axis  of  the  connecting 
stalk  as  at  first,  they  are  now  at  right  angles  to  it.  Such  rotation 
can  be  determined,  of  course,  only  in  young  tubules  where  the 
nuclei  are  oval  and  not  circular  in  section.  Figure  26,  drawn 
from  an  embryo  19  mm.  in  length  (S.C.  3),  shows  an  early  step 
in  these  changes.  Figure  3  A  is  a  graphic  reconstruction  of 
the  tubules  shown  in  cross  section  in  figure  26.  In  this  section 
the  rows  of  nuclei  belonging  to  the  two  tubules  involved  are 
distinguishable  although  the  process  of  migration  of  the  nuclei 
to  the  sides  of  the  connecting  piece  is  clearly  under  way.  In 
figure  36  of  a  later  stage  from  sai  embryo  14  mm.  in  length 
(S.C.  30),  all  the  nuclei  with  the' exception  of  one  have  passed  to 
the  sides  of  the  connecting  stalk. 

In  following  the  course  of  the  nuclei  in  tubule  anastomosis 
one  is  but  tracing  the  movements  of  the  cells  in  which  they  are 
contained,  for  it  is  hardly  to  be  considered  that  the  nuclei  shift 
their  axes  within  the  cells,  and  moreover  the  few  faint  cell  bound- 
aries which  may  be  made  out  show  the  same  changes  in  position 
as  do  the  nuclei.  The  hepatic  cells  of  the  connecting  stalk  have 
shifted  through  an  arc  of  about  90°  and  when  a  lumen  is  estab- 
lished through  the  center  of  the  connectii^  stalk  it  is  boimded  at 
least  in  greater  part  by  the  same  cell  surfaces  which  were  presented 
to  the  lumina  in  the  original  tubules.  In  other  words,  while 
the  tubule  cells  involved  in  anastomosis  have  shifted  in  position, 
their  surfaces  and  their  axes  will  bear  the  same  relation  to  the 
new  lumen  which  they  did  to  the  former  one.  Their  long  axes 
will  be  at  right  angles  to  the  lumen  while  the  inner  and  outer 
surfaces  of  the  cell  remain  constant  in  both  the  original  position 
JD  the  simple  tubule  and  the  later  position  in  the  anastomotic 
segment.  The  polarity  of  the  cell,  in  the  sense  of  the  term  as 
used  by  Rabl  ('88,  '90),  is  not  disturbed  by  anastomosis. 

The  lumen  of  the  anastomosis  is  formed  by  clefts'which  ex- 
tend out  from  the  lumina  of  the  formerly  simple  tubules.  These 
clefts  are  at  first  small  and  irregular.  They  pass  between  the 
lather  irregular  borders  of  the  radially  arranged  cells  of  the  con- 
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necting  stalk  or  plate,  and,  meeting,  become  confluent.  It  is 
not  until  some  time  after  these  clefts  have  joined  that  the  lumen 
of  the  anastomosis  acquires  its  full  size  and  r^ularity.  A  late 
stage  in  the  establishment  of  this  connecting  channel  is  shown 
in  figure  27  from  an  embryo  19  mm.  long  (S.C.  3).  Here  the 
clefts  are  still  separated  by  a  single  cell.  Figure  3  B  is  a  graphic 
reconstruction  of  the  tubules  involved  in  this  anastomosis. 


Pig.  3  Graphic  reconstructions  of  anaetomosing  hepatic  tubules  in  Aoanthiu. 
Detailed  drawings  of  the  eectiona  indicated  with  dotted  lioes  will  be  found  in  plate 
2.  A,  tubules  from  an  embryo  19  mm.  long{S.C.  8)  (see  fig.  28).  £,  tubulee  from 
anembryol»mm.long(8.C.2)  (see  fig.  27).     X  100. 

4.  Later  history  of  the  hepatic  cylinders 

a.  Growth  of  the  hepatic  network.  Immediately  after  anasto- 
mosis has  occurred  the  liver  increases  in  dze  very  rapidly.  At 
first  this  growth  is  due  almost  entirely  to  the  increase  in  number 
of  the  hepatic  cylinders,  but  later  the  greater  portion  is  brought 
about  by  the  tremendous  enlargement  of  the  hepatic  sinusoids. 
After  anastomosis  new  cylinders  are  added  to  the  existing  net- 
work in  three  ways:  by  the  formation  of  tubules  from  the  remains 
of  the  hepatic  pouches,  by  the  formation  of  blind  sprouts  or 
buds  from  the  sides  of  cylinders  forming  the  network  and  by  the 
production  of  new  cylinders  at  the  periphery  of  the  network  from 
the  cylinders  located  there.  These  methods  of  addition  to  the 
hepatic  network  cease  in  the  order  given  and  the  proportional 
amount  contributed  to  the  network  by  the  several  methods  is 
in  inverse  order  to  that  in  which  they  are  listed  above. 
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The  direct  production  of  new  hepatic  cylinders  from  the 
hepatic  pouches  contnbutes  but  little  to  the  bulk  of  the  hepatic 
network  and  continues  for  only  a  short  period  after  anastomoses 
are  formed.  As  described  in  section  2,  there  are  numerous 
tubules  which  arise  at  the  bases  of  or  between  tubules  which  have 
previously  sprung  from  the  hepatic  pouches.  These  youi^er 
tubules  are  at  first  small  nipple  shaped  elevations  arising  singly 
and  not  from  ri(^es.  So  long  as  the  earli^  tubules  remain  simple 
the  later  tubules  follow  them  closely  in  their  development,  but 
when  anastomoses  become  common  among  the  older  tubules 
and  the  sinusoidal  circulation  is  well  established,  the  younger 
tubules  anastomose  almost  immediately  after  their  formation 
either  with  one  another  or  with  cylinders  of  the  already  estab- 
lished  network.  In  later  stages  hepatic  tubules  may  sometimes 
arise  as  loops,  the  ends  of  which  are  attached  to  the  wall  of  the 
hepatic  pouch.  By  the  time  the  embryo  reaches  a  length  of 
approximately  20  mm.  (Normal  plate  Nos.  27-28,  Balfour's  stage 
N)  the  hepatic  pouches  are  transformed  into  veritable  hepatic 
ducts  and  thereiifter  no  new  hepatic  tubules  aiise  from  them. 

Hepatic  cylinders,  as  has  been  seen,  give  rise  to  secondary 
buds  while  still  in  the  form  of  single  tubules,  and  this  budding 
process  continues  long  after  anastomosis.  The  process  cEui  be 
most  clearly  demonstrated  by  the  means  of  thick  sections  of 
which  figure  41  from  an  embryo  24  mm.  in  length  is  an  example. 

*  The  method  of  preparation  of  the  thick  sections  used  in  this  study  was  as 
follows:  The  embryo  was  infiltrated  with  celloidin  and  cemented  to  a  piece  of 
infiltrated  spleen  or  liver  which  in  turn  was  fastened  to  a  fiber  block.  The  speci- 
men was  then  cleared  by  Gilson'a  method,  which  makes  the  block  almost  trans- 
parent. The  block  was  then  placed  in  the  microtome  clamp  and  a  strong  beam  of 
light  from  a  condenser  (greeted  upon  the  object.  A  Greenough  binocular  micro- 
scope equipped  with  low  power  lenses  was  set  up  over  the  object.  With  this 
arrangement  it  was  possible  to  follow  in  detail  the  process  of  section  cutting. 
Sections  were  then  carefully  cut  away  until  the  exact  region  desired  was  reached. 
By  focusing  with  the  binocular  it  was  possible  to  determine  the  approximate 
thickness  of  the  section  needed  to  just  include  the  desired  structures,  and  this 
section  was  then  removed  with  a  single  cut.  Sections  made  in  this  way  are  often 
superior  to  reconstructions  for  the  study  of  the  form  of  very  small  structures. 
They  are  best  stained  in  a  very  dilute  carmin  solution  and  cleared  for  a  long 
period  in  cedar  oil,  after  which  they  can  be  observed  with  the  binocular  micro- 
scope, or  better  with  the  aid  of  an  Abby  binocular  eyepiece. 
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In  the  area  of  approximately  1  mm.  represented  here  there  are 
five  blind  buds  projecting  from  the  cylindere  into  the  mnuaoida. 
This  method  of  addition  to  the  network  continues  for  a  con- 
siderable period.  I  have  found  no  traces  of  new  buds  in  the  body 
of  the  liver  after  the  great  increase  in  size  of  the  cylinders  when 
the  embryo  reaches  a  length  of  about  40  mm.  However,  in  the 
portioDB  of  the  liver  which  are  the  last  to  be  formed,  i.e.,  the  dor- 
sal rriAT^ns  and  the  posterior  tips  of  the  lateral  lobes,  this  method 
of  cylinder  formation  continues  until  the  embryo  reaches  a  lei^h 
of  50  to  60  mm. 

While  in  the  earlier  stages  of  the  development  of  the  hepatic 
network  the  increase  comes  perhaps  equally  from  peripheral 
and  interstitial  growth,  in  later  stages  the  latter  method  is  by 
far  the  more  important.  The  hepatic  network  terminates  periph- 
erally in  a  large  number  of  blind  knobs  which  by  their  growth 
and  division  give  rise  to  a  lai^e  amount  of  hepatic  tissue.  The 
cells  of  these  terminal  knobs  remain  in  a  comparatively  undiffenti- 
ated  condition  while  those  of  the  more  central  part  of  the  network 
are  undei^oing  rapid  changes  in  structure.  Figure  43  shows  a 
small  portion  of  the  tip  of  the  lateral  lobe  of  an  embryo  20  mm. 
loi^.  The  mesothelium  covering  the  Uver  has  been  removed. 
Here 'the  terminal  knobs  are  seen  projecting  from  the  general 
network  and  are  often  attached  to  the  mesothelial  sheath  by 
strands  of  mesenchyma.  This  specimen  was  prepared  by  cutting 
a  thick  celloidin  section  of  the  re^on  desired  by  the  method 
already  described.  The  celloidin  was  then  dissolved  away  and 
the.mesotheUal  covering  stripped  from  the  fragment  with  fine 
forceps. 

The  peripheral  addition  to  the  hepatic  network  takes  place 
at  first  over  the  entire  surface  of  the  liver.  But  like  the  inter- 
stitial method  of  addition  it  is  later  limited  to  the  tips  of  the 
lateral  lobes  and  to  the  dorsal  mar^pns  of  both  the  body  and 
lateral  lobes  of  the  Uver  which  at  a  comparatively  late  stage 
grow  rapidly  upward  between  the  stomach  and  the  lateral  body 
walls.  In  embryos  60  mm.  in  length  these  areas  are  much  re- 
stricted and  they  cannot  be  seen  in  an  embryo  SO  mm.  long. 
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In  the  rapidly  growing  parts  of  the  liver  the  cylinders  often 
terminate  peripherally  in  ejq>anded  end-bulbs  or  vesicles  which 
contain  a  lumen  many  times  the  diameter  of  that  of  the  typical 
cylinder.  Such  vesicles  are  found  in  embryos  from  25  to  40  nmi. 
in  length  but  not  in  older  specimens.  Their  walls  consist  of  a 
low  columnar  or  cuboidal  epithelium.  Figure  4  is  a  cross  section 
of  one  of  these  structures  from  the  lateral  lobe  of  an  embryo 
36.6  mm.  lot^  (S.C.  10).  The  significance  of  these  vesicles  is 
unknown  to  me. 


Fig.  4  Terminal  vesicle  of  a  hepatic  cyltuder  from  the  lateral  lobe  of  an  Acan- 
thiaa  embryo  36.6  mm.  long  (S.C.  10).  X  400.  L,  lumen  of  hepatic  cylinder; 
V,  terminal  veaicle;  X,  side  branch  from  central  lumen  of  cylinder. 

b.  Changes  in  the  size  and  slructUTe  of  the  hepatic  cylinders. 
When  the  hepatic  tubules  enter  upon  anastomoses  they  are 
irregular  in  form  and  of  variable  caliber.  The  lumina  of  the 
tubules  are  large  and  irregular  and  are  generally  surrounded  in 
cross  section  by  14  or  15  cells,  if  one  may  judge  from  the  number 
of  nuclei  present,  for  cell  boundaries  are  often  indistinct  at  this 
time. 

Table  1  shows  some  of  the  changes  which  take  place  in  the 
course  of  the  later  development  of  the  cylinders.  The  measure- 
ments and  cell  coimts  given  in  this  table  are  in  each  case  averages 
determined  from  twenty  fair  cross  sections  of  cylinders  of  the 
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posterior  part  of  the  median  lobe  of  the  liver.  The  cross  sections 
of  cylindera  were  taken  at  random  from  this  region,  except 
that  those  lying  in  the  rapidly  growing  peripheral  .zone  were 
avoided  in  each  case. 

In  the  first  specimen  of  the  series  the  nimiber  of  cells  boundii^ 
the  liunen  in  cross  section  averages  12.5.  The  diameter  of  the 
tubules  has  become  more  uniform  and  averages  58  micra.  Ex- 
amples of  such  tubules  are  illustrated  in  figure  31.  At  about  this 
time  the  liver  begins  to  increase  greatly  in  size.  This  growth  is 
due  in  part  to  the  actual  increase  in  nmnber  of  hepatic  cells,  as 

TABLE  1 
Meaauremenla  of  the  hepatic  cylinders  in  Acanlhiax  anbryoa 
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95.0 

3.7 

is  indicated  by  the  presence  of  numerous  mitotic  figures  in  the 
hepatic  cylinders,  but  a  much  greater  part  of  the  increment  is 
due  to  the  establishment  of  the  huge  hepatic  sinusoids.  With 
this  increase  in  size  of  the  sinusoids  the  tubules  are  distinctly 
reduced  in  size,  their  average  diameter  droppii^  from  58  micra 
in  an  embryo  15  mm.  in  length  to  37.6  micra  in  one  25  mm.  and 
35.6,  in  one  28  mm.  in  length.  This  reduction  in  diameter  may 
be  due  somewhat  to  the  decrease  in  the  size  of  the  lumen,  but  is 
caused  mainly  by  the  actual  decrease  in  the  mimber  of  cells 
surrounding  the  lumen  at  any  one  plane.  The  process  is  a  con- 
tinuous one  after  anastomosis  is  ^tablished,  but  is  more  rapid 
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at  first,  droppiBg  from  an  average  of  12.5  in  an  embryo  of  15  mm. 
to  7  in  one  of  28  mm.  I  think  that  this  rapid  and  early  reduction 
is  due  to  the  stretchiag  of  the  tubules  caused  by  the  dilatation 
of  the  sinusoids  among  them.  The  tubules  are  attached  to  each 
other  and  to  the  mesothelial  wall  of  the  liver  by  strands  of  mesen- 
chyma  which  may  aid  in  the  process  by  pulling  upon  the  cylinders 
as  the  mesothelial  wall  is  rapidly  stretched  in  all  directions. 
These  mesenchymal  strands  can  be  seen  in  figure  43  of  the  liver 
•  of  an  embryo  20  mm.  long. 

After  the  embryo  reaches  a  length  of  from  28  to  30  mm.  the 
hepatic  cylinders  again  begin  to  increase  in  size.  They  rise 
rapidly  in  diameter  from  an  average  of  35.6  micra  in  an  embryo 
28  mm.  long  to  46  micra  in  an  embryo  of  50  mm.  and  54  micra 
in  an  embryo  of  95  mm.  This  growth  is  still  noticeable  in  an 
embryo  of  220  nun.  in  which,  however,  the  cells  were  too  col- 
lapsed to  admit  of  accurate  measuremeAt.  While  the  diameter 
of  the  tubules  increases,  the  uze  of  the  lumen  and  the  number 
of  cells  Burrotmding  it  at  any  given  plane  as  steadily  decreases. 
Thus  the  average  number  of  cells  seen  in  cross  sectiou  of  a  cylinder 
at  25  nun.  is  8,  at  50  mm.  4.6,  and  at  95  mm.  3.7.  This  indi- 
cates that  the  increase  In  size  of  the  cylinder  is  due  to  the  growth 
of  the  individual  cells  forming  it  and  not  to  their  multiplication, 
as  is  the  early  increase  in  size  found  in  embryos  from  13  to  16  nun. 
long. 

Almost  all  this  growth  is  due  to  the  deposition  of  fat  in  the 
hepatic  cells,  the  nuclei  of  which  remain  stationary  or  actually 
decrease  in  size.  While  the  cells  begin  to  increase  in  size  even 
when  the  cylinders  are  becoming  reduced  in  caUber,  due  to  factors 
already  mentioned,  this  growth  is  not  sufficient  to  make  up  for 
the  reduction  until  the  embryo  reaches  a  length  of  more  than 
30  mm. 

The  thick  sections  illxistrated  in  figures  40,  41  and  42  show 
graphically  some  of  the  changes  just  described.  Figure  40  is 
a  section  of  a  Uver  in  which  the  process  of  anastomosis  is  well 
under  way.  It  shows  the  large  size  and  irregular  cahber  of  both 
the  cylinders  and  their  lumiua.  Figure  41  is  from  a  specimen 
in  which  the  hepatic  sinusoids  have  nearly  reached  their  highest 
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development  and  in  which  the  cylinders  are  reduced  to  slender 
tubes.  Figure  42  is  from  a  somewhat  older  specimen  in  which 
the  cylinders  have  again  begun  to  increase  in  diameter.  The 
changes  in  the  number  of  cells  siuroimding  the  lumen  of  the 
cylinder  in  cross  section  are  shown  in  the  four  figures  forming 
plate  3. 

My  rranarks  upon  the  changes  in  the  finer  structure  of  the 
hepatic  cells  can  be  r^arded  as  little  more  than  notes  made  in 
the  course  of  the  general  study  of  the  growth  of  the  cylinders. 

During  the  development  of  the  hepatic  tubules  and  cylinders, 
the  nuclei  of  the  cells  forming  them  are  modified  in  shape,  size 
and  structure.  At  the  time  when  the  tubule  ridges  first  appear 
upon  the  hepatic  pouches  the  hepatic  nuclei  are  elongately  oval 
in  outline,  thdr  longer  axes  averaging  from  14  to  15  micra  and 
their  lesser  axes  from  one-third  to  one-half  of  this  length  (fig.  28).' 
With  the  definite  outpouching  of  the  hepatic  tubules  the  nuclei 
become  broader  and  shorter,  but  their  volume  remains  practi- 
cally  unchanged  (figs.  29,  30).  In  an  embryo  10  mm.  in  length 
(S.C.  20)  from  which  tubules  have  been  described  and  figured 
in  the  preceding  part  of  tiiis  paper,  the  hepatic  nuclei  average 
8  micra  in  diameter  and  11  micra  in  length.  Anastomosis  has 
apparently  no  effect  upon  either  the  size  or  structure  of  the  nucld. 
In  embryos  from  10  to  20  mm.  long  one  can  follow  the  change 
in  shape  of  the  majority  of  the  nuclei  from  broadly  oval  to  spheri- 
cal bodies.  In  a  20.6  nun.  embryo  (H.E.C.  1494,  fig.  32)  the 
great  majority  of  the  nuclei  are  spherical  and  have  a  diameter 
of  10  micra.  Thereafter  they  gradually  decrease  in  size  even  as 
the  cells  grow  in  size  through  an  increase  in  fat  content.  In  an 
embryo  47.3  mm.  long  (S.C.  11)  the  average  diameter  of  the 
nuclei  is  7.5  micra  and  in  one  of  95  mm.  (H.E.C.  1882)  it  is  Uttle 
if  any  less.  As  the  fat  accumulates  in  the  liver  cells  the  nuclei 
may  again  change  in  shape,  being  in  many  cases  pressed  ag^st 
the  margin  of  the  cell  and  assuming  an  oval  or  crescentic  outline 
sugg^ting  the  form  of  the  nuclei  found  in  true  fat  cells.  The 
nuclei  which  remain  spherical  have  an  average  diameter  of  7 
micra  or  a  little  less  (in  embryos  200-240  mm.  loi^). 

*  All  measurements  given  here  were  made  from  paraffin  sections. 
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In  early  stages  the  nucleus  is  always  in  the  basal  portion  of  the 
cell.  After  anastomosis  they  are  found  more  centrally  located. 
In  later  stages  they  are  f  oimd  scattered,  sometimes  in  the  center  of 
the  cell  surroimded  with  a  film  of  protoplasm  from  which  threads 
«rt>end  to  the  cell  periphery;  often  close  to  the  lumen  wall  of  the 
cell  and  sometimes  near  some  other  point  in  its  periphery. 

Before  the  tubule  anlagen  appear  the  hepatic  nuclei  contain 
one,  two  or  three  large  masses  of  chromatin  which  surrotmd 
nucleoli  and  are  generally  applied  closely  to  the  nucleus  wall. 
These  chromatin  masses  arc  rotmd  or  oval  in  shape  and  smooth 
in  outline  except  for  one  or  two  small  chromatin  threads  which 
may  extend  outward  from  each  mass.  The  remaining  space  of 
the  nucleus  is  filled  with  a  clear  nuclear  sap  through  which  run 
a  few  delicate  and  faintly  stainii^  fibrils.  Such  nuclei  are 
characteristic  of  the  young  AcantMas  embryo  being  found  also 
in  the  cells  of  the  mesenchyma,  mesothelium,  walls  of  the  medul- 
lary canal  and  in  the  mesonephric  tubules  and  duct.  Those  of 
the  mesenchyma  have  been  fidly  described  by  McGill  ('10) 
in  a  study  of  the  development  of  the  striated  muscle  of  the 
oesophagus  in  the  dogfish.  The  figures  in  Neal's  ('14)  recent 
work  illustrate  the  similar  structure  of  the  nuclei  in  the  nervous 
system.  Figure  28  shows  the  structure  of  a  number  of  these 
nuclei  stained  witii  iron-hematoxylin.  Aa  the  hepatic  cells  are 
differentiated  the  chromatin  masses  above  mentioned  become 
more  irregular  and  there  are  given  off  from  them  a  nxunber  of 
chromatin  strands  which  eventually  form  a  coarse  network. 
The  chromatin  masses  are  reduced  in  size  and  may  become 
detached  from  the  nuclear  wall.  They  also  may  be  somewhat 
broken  up  and  present  a  granular  appearance.  On  the  other 
hand,  the  chromatin  threads  which  have  originated  from  them 
may  fuse  forming  secondary  and  generally  smaller  karyosomes 
which  do  not  surroimd  nucleoU.  These  changes  are  shown  in 
figures  31  to  34,  38  and  39.  The  adult  hepatic  nucleus  is  rich  in 
chromatin  which  is  arranged  in  a  coarse  network  containing 
several  karyosomes  some  of  which  are  probably  the  remains  of 
the  original  ones  and  some  of  which  are  the  result  of  secondary 
i^gr^ation  of  chromatin  granules  from  the  chromatin  threads. 
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Most  of  these  karyosomes  are  applied  to  the  nudew  wall.  The 
hepatic  cell  retains  the  tjT>ic^  embryonic  nuclear  structure 
much  longer  than  do  the  cells  of  the  mesenchyma,  mesothelium, 
nervous  system  or  urogenital  system.  This  typical  embryonic 
structure  is  lost  first  in  the  cells  forming  the  gall  bladder  and 
major  hepatic  ducts,  next  in  the  minor  hepatic  ducts  which  are 
formed  from  cylinders  already  well  started  upon  a  development 
towards  typical  hepatic  parenchyma,  and  finally  from  the  hepatic 
cells  proper. 

As  has  be^i  remarked,  fat  droplets  as  indicated  by  vacuoles 
in  the  protoplasm  of  the  hepatic  cells  appear,  when  the  embryos 
obtain  a  length  of  about  25  mm.  The  use  of  special  reagents 
would  no  doubt  demonstrate  the  presence  of  fat  prior  to  this 
stage.  The  droplets  are  foimd  at  first  at  the  base  of  the  cell,  but 
later,  in  embryos  65  to  05  mm.  loi^,  droplets  are  found  scattered 
through  the  entire  cell  body  reducii^  the  protoplasm  to  the 
network  which  has  been  described  for  the  adult  hepatic  cell  of 
selachians  by  Shore  Mid  Jones  ('89)  and  PiUiet  ('90). 

In  Acanthias  embryos  about  30  mm.  long  the  gall  bladder 
begins  to  press  against  the  hepatic  tissue  which  lies  on  either 
side  and  above  it.  This  process  is  probably  brought  about  by 
the  great  growth  of  the  internal  yolk-sac  which  lies  below  the 
gall  bladder.  This  pressure  of  the  gall  bladder  causes  some 
degeneration  of  the  hepatic  tissue  uumediately  surrounding  it. 
Toldt  and  Zuckerkandl  ('78)  have  described  a  similar  process  in 
the  human  embryo. 

5.  Development  of  the  hepatic  tubules  in  otiier  forms  of  selachians 

The  development  of  the  hepatic  tubules  in  Torpedo,  Raia 
and  Mustelus  differs  somewhat  from  that  of  Acanthias.  In 
these  forms  the  lateral  hepatic  pouches  do  not  reach  the  great 
development  found  in  Acanthias  and  tubules  are  formed  from 
these  structures  at  a  comparatively  earlier  stage.  The  omphalo- 
mesenteric veins  are  somewhat  lai^er  than  in  Acanthias  and  at 
the  time  when  the  individual  hepatic  tubules  develop  veinous 
channels  are  found  both  medial  and  lateral  to  the  hepatic  pouches. 
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The  tubules  which  are  formed  from  the  dorsal  parts  of  the  pouches 
and  of  the  pars  hepatica  medialis  aiise  siqgly  or  in  small  clusters 
as  do  those  in  the  same  situation  in  Acaothias,  but  in  the  fonns 
under  discussion  Uie  dorsal  or  marginal  tubules  form  a  much 
greater  part  of  the  whole  number  produced  than  is  the  case  in 
Aoanthias.  In  Torpedo  and  in  Mustelus  the  tubules  from  the 
venbal  portion  of  the  lateral  pouches  arise  as  in  Acanthias  from 
tubule  ridges.  These  ridges  are  but  slightly  elevated  and  the 
corresponding  grooves  on  the  internal  surfaces  of  the  pouches 
are  wide  and  shallow.  The  individual  tubules  which  form  from 
these  ridges  do  not  remain  as  mound-hke  structures  arrai^ed  in 
rows  but  grow  out  almostat  once  andlike  the  dorsal  tubules  appear 
as  slender  tubes  extending  outward  between  the  veinous  sprouts. 
In  most  cases  the  hepatic  tubules  which  are  first  formed  come  in 
contact  with  the  splanchnic  mesotheUum  covering  the  liver. 

The  omphalo-mesenteric  veins  in  these  forms  increase  in  size 
very  rapidly  and  before  tubule  formation  has  progressed  very 
far  the  anterior,  ventral  and  lateral  surfaces  of  the  liver  pouch 
are  practically  surrounded  by  a  venous  lake.  All  tubules  which 
arise  alter  this  period  project  into  this  dnus  and  in  their  growth 
they  push  its  endothelial  wall  before  them.  This  process  is 
illustrated  in  figure  44,- which  is  of  a  thick  frontal  section  of  the 
liver  of  an  embryo  of  Mustelus  oanis  approximately  12  mm.  long. 
The  number  of  tubules  arising  directly  from  the  pouch  walls  is 
small  in  these  forms  as  compared  with  Acanthias  for  the  surface 
area  of  the  pouches  is  much  reduced  from  the  first.  The  large 
majority  of  the  later  tubules  is  formed  by  the  branching  of  the 
earlier  ones. 

In  Acanthias  the  hepatic  tubules  in  the  earher  period  of  their 
development  are  short,  broad  and  pouch-like  and  the  branches 
which  arise  from  them  are  nipple-like  projections.  In  the  other 
forms  studied  botii  the  primary  and  secondary  tubules  are  slender 
elongated  tubes  which  are  early  tmlted  in  a  complex  branching 
and  anastomosing  network,  the  meshes  of  which  are  separated 
by  sinusoids  of  large  size.  Figure  44  shows  an  anastomosis  of  a 
young  hepatic  tubule  in  Mustelus,  uid  figure  45  of  a  similar 
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section  of  an  embryo  about  4  mm.  longer  of  the  same  species 
shows  the  complete  establishment  of  the  hepatic  network. 

While  the  early  tubules  of  Raia,  Mustelus  and  Torpedo  are 
smaller  in  cross-section  than  are  those  of  Acantbias,  the  lumina 
of  these  tubules  are  considerably  larger.  The  cells  lining  the 
lumina  are  cubical  or  low  columnar  in  outline  as  compared  with 
the  high  columnar  type  found  in  Acanthias.  The  nuclear  struc- 
ture is  quite  similar  to  that  of  the  hepatic  cells  in  Acanthias,  the 
chromatin  covered  nucleoli  described  tor  that  form  being  par- 
ticularly prominent  in  Torpedo  and  Mustelus. 

The  later  history  of  the  cylinders  is  quite  similar  to  that  of 
Acanthias.  The  cylinders  rapidly  increase  in  diameter  and  the 
contained  Itmiina  become  smaller.  The  increase  in  diameter 
of  the  cylinders  is  due,  as  in  Acanthias,  to  the  growth  of  the 
individual  cells,  and  the  number  of  cells  about  the  lumen  in 
any  given  section  steadily  decreases.  The  nuclear  changes  are 
similar  to  those  found  in  Acanthias.  In  such  specimens  of  Mus- 
telus uid  Squatina  as  I  have  examined  the  fat  contained  in  hepatic 
cells  remains  in  discrete  droplets  instead  of  forming  one  large 
mass  as  is  generally  the  case  in  Acanthias.  The  same  is  true  to 
some  extent  of  Torpedo  (fig.  36). 

Pilliet  ('90)  has  described  areas  of  comparatively  undifferenti- 
ated cells  in  the  adult  selachian  liver.  These  cdls  form  the 
portions  of  the  cylinders  which  lie  about  the  hepatic-portal  veins. 
They  are  of  comparatively  small  sdze  and  contain  centrally 
placed  nuclei  which  stain  deeply  with  aliun-carmin.  The  fat 
content  of  the  cells  is  less  than  of  those  cells  located  elsewh««, 
and  particularly  of  those  lying  in  the  neighborhood  of  the  hepatic 
veins.  Pilliet  regards  these  smaller  cells  as  reserves  or  nests  of 
young  cells  which,  from  their  position  near  the  nourishii^  vess^, 
contribute  to  the  growth  of  the  otgan.  Apparently  he  did  not 
find  them  in  all  the  specimens  which  he  examined. 

I  have  seen  no  evidence  of  a  retardment  of  the  difiFerentiatios 
of  the  cells  near  the  hepatic-portal  veins  in  Acanthias  embryos, 
and  if  such  occurs  it  must  be  at  a  late  period  in  the  development 
of  the  organ.  There  are  numerous  small  cells  in  the  immediate 
neighborhood  of  the  hepatic-portal  vessels,  but  they  all  form 
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portiona  of  the  terminal  bite  ducts,  the  devdopment  of  which 
will  be  described  in  a  later  part  of  this  paper.  Such  embryos  of 
Torpedo  as  I  have  examined  agree  with  Aoanthias  in  lack  of 
any  definite  nests  or  reserves  of  undifferentiated  cells  about 
the  hepatic-portal  veins.  In  well  advanced  Mustelus  embryos, 
however,  the  hepatic  cells  which  surround  the  lai^er  branches 
of  the  hepatic-portal  veins  do  remala  somewhat  smaller  than  those 
of  the  remainder  of  the  liver  and  are  not  so  completely  charged 
with  fat. 

In  summary  it  may  be  said  that  the  chief  di£fer«ices  between 
the  two  types  of  selachian  liver,  that  represented  by  Acanthias 
and  that  by  the  several  other  forms  mentioned,  lies  ahnost  en- 
tirely in  the  earlier  stages.  These  difFerences  seem  to  be  depend- 
ent on  the  difference  in  the  size  sad  arrangement  of  the  omphalo- 
mesenteric veins  at  the  time  of  the  formation  of.  the  hepatic 
tubules. 

DEVELOFMENT  OF  THE  MINOR  RAMI  OF  THE  HEPATIC  DUCTS 

The  formation  of  the  minor  rami  of  the  hepatic  ducts  is  closely 
associated  with  the  history  of  the  hepatic  cylinders.  In  a  pre- 
ceding pubhcation  (Scionmon  '13)  it  was  stated  that  all  of  the 
major  and  some  of  the  minor  rami  of  the  hepatic  ducts  arise  from 
the  constricted  bases  of  certain  fairly  definitely  placed  clusters 
of  hepatic  tubules.  In  following  the  history  of  these  tubule 
clusters  it  was  found  that  they  become  separated  from  the 
'  hepatic  pouch  from  which  they  arise  by  a  broad  and  rathet  in- 
definite peduncle  which  is  at  first  hardly  more  than  an  extension 
of  the  pouch  wall.  Later  this  peduncle  becomes  constricted  and 
elongated,  forming  a  small  branch  from  the  pouch  which  by  tim 
time  is  transformed  into  a  segment  of  the  hepatic  duct.  This 
development  begins  before  tubule  anastomosis  gets  fairly  imder 
way  and  continues  at  the  time  when  anastomoses  are  taking 
place.  No  new  major  rami  arise  as  outpouchings  after  anastomo- 
sis is  established  and  aside  from  the  actual  lengthening  of  already 
established  rami,  which  is  not  great,  all  further  growth  of  these 
structures  takes  place  by  the  transformation  of  pre-existent 
hepatic  tubules  into  ducts. 
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This  illustrates  well  the  two  methods  of  hepatic  duet  formation. 
The  first  and  more  primitive  type  is  that  suggested  by  Minot 
('93,  p.  763)  in  which  the  duct  is  the  result  of  a  direct  outpouch- 
ing of  the  wall  of  the  hepatic  diverticulum.  In  the  second  and 
specialized  type  the  duct  is  produced  by  the  transformation  of 
portions  of  the  network  of  hepatic  cylinders.  Selachians  clearly 
stand  near  the  bottom  of  the  scale  in  this  phase  of  development. 
Here  the  ductus  choledochuB,  the  hepatic  ducts  and  their  major 
rami  arise  as  outpouchii^  and  only  the  minor  rami  and  the  most 
distal  portions  of  the  major  ones  are  of  trabecular  oi^in.  In 
ganoids,  amphibians,  reptiles  and  birds  the  ductus  choledochua 
and  the  proximal  part,  at  least,  of  the  hepatic  ducts  are  formed  by 
outpouching  and  the  rem&inder  of  the  duct  system  from  tra- 
beculae.  In  the  mammals  apparently  the  ductus  choledochus 
alone  is  the  result  of  an  outpouching,  but  further  investigation 
may  change  this  conception. 

The  differentiation  of  hepatic  cylinders  into  bile  ducts  is  very 
closely  Msociated  with  their  relations  to  the  blood  vessels.  Bile 
ducts  are  only  ■formed  from  cylinders  which  are  in  contact  with 
the  main  ibrunks  of  the  hepatic-portal  veins  or  their  lai^er  and 
more  definite  branches.  Still  more  striking  is  .the  fact  that  the 
side  of  the  cylinder  towards  the  vessels  precedes  in  a  very  marked 
degree  the  differentiation  <rf  the  opposite  side  and  in  fact  in  the 
smallest  ducts  the  cells  of  the  opposite  side  of  the  cylinder  may 
never  be  transformed  into  duct  epitheUum  at  all  but  complete 
the  brdinary  development  of  true  hepatic  cells.  Such  a  terminal 
duct  from  the  liver  of  an  embryo  95  mm.  in  length  ia  shown  in 
figure  37.  On  the  other  hand,  of  tiie  many  cylinders  which 
closely  surround  the  vascular  trunk  only  a  very  small  percentage 
is  transformed  into  ducts.  The  development  of  the  minor 
ducts  is  extremely  small  in  proportion  to  the  amount  of  hepatic 
parenchyma,  smaller,  I  think,  than  in  any  other  group  of  verte- 
brates. There  is  absolutely  no  indication  of  any  system  of 
intercalated   ducts. 

In  the  differentiation  of  a  hepatic  cylinder  into  a  bile  duct  the 
former  first  approaches  more  nearly  a  perfect  circle  in  cross 
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'section  and  the  Iximen  distinctly  enlarges.  The  cdls  on  the 
vascular  side  of  the  lumen  are  reduced  in  actual  height  but  be- 
come more  Golumnar  in  form  because  of  the  still  greater  reduction 
of  the  size  of  their  bases.  At  the  same  time  the  nuclei  which 
in  hepatic  cylinders  are  roimd  or  broadly  oval  in  section  and  lie 
near  the  center  of  the  cells  become  elongatety  oval  in  outline  and 
tend  to  retreat  to  the  bases  of  the  cells.  The  cells  are  so  di- 
minished in  size  that  the  nuclei  which  increase  little,  if  any,  in 
bulk  almost  fill  them.  The  nuclei  lose  their  typical  structure 
of  a  clear  karyoplasm  containing  one  or  two  large  chromatin 
masses  from  which  radiate  chromatin  threads  and  present  in- 
stead a  reticular  chromatin  network  made  up  of  evenly  distrib- 
uted granules  of  about  the  same  size.  The  protoplasm  becomes 
homi^eneoiis  and  colors  darkly  with  plasma  stains.  An  example 
of  such  a  developii^  duct  at  an  early  stage  is  shown  in  figure  39. 
Approximately  one-third  of  the  duct  which  abuts  upon  a  blood 
vessel  shows  considerable  prepress  in  differentiation,  while  the 
cells  of  the  segment  opposite  it  are  true  hepatic  cells.  Betvreen 
the  two  are  zon^  of  transitional  cells.  To  the  side  of  this  duct  is 
a  smaller  one  in  still  an  earlier  stage  of  differentiation.  The  out- 
line sketch  shown  in  figure  5  illustrates  the  changes  in  shape  of 
the  hepatic  cells  at  the  time  of  duct  formation. 

The  cells  of  the  large  hepatic  ducts  which  are  formed  from  the 
hepatic  pouches  and  their  evaginations  show  much  the  same 
steps  in  cytomorphosis  as  do  those  just  described.  The  nuclei 
of  the  larger  ducts,  however,  are  oval  at  the  start  and  so  undergo 
no  changes  in  form,  but  the  change  in  chromatin  arrangement 
is  the  same  as  in  the  minor  ducts.  In  the  gall  bladder  the  same 
changes  also  take  place  but  at  a  late  stage  (60-80  mm.)  the 
nuclei  again  liecome  circular  in  cross  section  and  come  to  occupy 
the  centers  of  the  cells  which  are  much  elongated. 

It  is  sometimes  stated  that  the  bile  duct  cpitheUum  is  formed 
of  cells  of  a  more  primitive  type  than  those  of  the  cylinders  or 
trabeculae.  In  the  forms  under  discussion,  however,  the  bile 
duct  cells  have  departed  farther  from  the  embryonic  type  than 
the  parencyhmal  celts,  if  we  may  judge  by  their  nuclear  structure. 
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Fig.  5  Minor  hepatic  duct  with  connecting  hepatic  cylindera  from  the  median 
lobe  of  the  liver  of  an  Acanthias  embryo  37  nun  long  (H  E  C.  363).  X  400. 
Lumina  of  hepatic  duct  and  cylinders  solid  bUck,  hepatic  celb  in  stippled  outline; 
sinusoids,  S,  in  unbroken  outline. 

DEVELOPMENT  OF  THE  HEPATIC  MESENCHYMA 

It  is  well  known  that  the  mesenchymal  tissue  of  the  selachian 
liver  w  extremely  scanty  in  the  embryo  although  fairly  abund- 
ant around,  the  blood  vessels  in  the  adult.  No  particular  study 
has  been  made  of  its  origin,  but  Minot  ('01)  in  his  study  of 
sinusoids,  and  more  recently  Debeyre  ('09)  in  foltowii^  the  de- 
velopment of  the  hepatic  cylinders,  have  noted  the  occasional 
detamination  of  mesenchymal  cells  from  the  mesotbelium  cover- 
ing the  liver  and  the  presence  of  such  elements  along  the  walls 
of  the  hepatic  sinuses.  Debeyre  also  figures  a  cross  section  of  a 
small  portion  of  the  periphery  of  the  liver  of  an  Acanthias  embryo 
30  mm.  long,  which  shows  small  spurs  of  mesenchymal  tissue 
extending  inward  from  the  mesothelium  between  the  hepatic 
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Cylinders.  The  origin  of  tihe  hepatic  mesenchyma  can  be  followed 
with  little  difficulty  in  Acanthias.  Here  it  appears  that  this 
material  is  probably  derived  completdy  from  the  mesothelium 
but  at  two  distinct  periods  and  from  two  different  regions,  and 
that  in  both  cases  this  proliferation  is  associated  with  distinct 
irregularities  of  splaactmic  mesothelium. 

The  first  mesenchymal  proliferation  appears  at  a  little  later 
time  than  the  formation  of  the  stroma  of  that  portion  of  the  gut 
which  lies  poBterior  to  the  liver.  In  Acanthias  embryos  6  mm. 
in  length  the  liver  pouch  is  but  slightly  differentiated  and  con- 
sists of  two  shallow  diverticula  which  he  in  the  lateral  walls  of 
the  archenteron  and  are  fused  anteriorly  to  form  the  median 
hepatic  pouch.  The  archenteron  of  this  region  is  clothed  on 
either  side  by  a  layer  of  splanchnic  mesoderm  which  is  continuous 
above  with  the  radix  mesenterica  and  below  with  the  splanchnic 
layer  of  the  blastoderm.  At  the  radix  this  layer  is  much  thickened 
but  it  is  reduced  to  a  moderately  thin  layer  over  the  sides  of  the 
archenteron.  The  irregiUar  endothelial  walls  of  the  omphalo- 
mesenteric veins  intervene  between  the  ventral  part  of  the 
archenteron  and  the  mesothehum,  but  no  mesenchyma  is  present. 
Irregular  processes  from  the  mesothelium,  however,  do  extend 
inward  and  in  places  it  appears  as  though  cells  were  about  to 
be  delaminated.  A  short  time  later  the  hepatic  pouch  increases 
much  in  size  and  extends  anteriorly  far  in  front  of  the  anterior 
intestinal  portal.  With  this  change  the  ventral  parts  of  the 
investing  layers  of  splanchnic  mesothelium  are  brought  in  con- 
tact and  eventually  fuse,  thus  forming  for  some  time  a  ventral 
mesentery.  In  connection  with  this  process  there  appear  two 
distinct  sets  of  meeothelial  irregularities.  These  consist  of  the 
mesothelial  villi  on  the  r^ht  side  and  of  numerous  irregular  folds 
on  the  left. 

The  mesothelial  villi  fotmd  in  connection  with  the  covering 
of  the  selachian  liver  were  first  described  by  Choronshitzky  ('00), 
althoi^  they  were  observed  in  other  forms  loi^  before  that 
time.  Hoehstetter  ('00)  has  given  their  later  history  in  Acanthias 
in  connection  with  Ma  study  of  the  formation  of  the  septum 
transversum.    As  Hoehstetter  has  stated,  these  structures  are 


,d.y  Google 


274  RICHARD   E.   8CAHU0N 

found  only  on  the  right  side.  Tbey  appear  in  embryos  of 
45  to  30  segments  as  a  thickened  plate  of  tlie  mesothelium 
overl3Tng  the  right  omphalo-mesenteric  vein  (fig.  6  A).  Tliifl 
plate  is  soon  thrown  into  a  series  of  pouch  like  irregularities,  and 
the  spaces  thus  formed  are  filled  with  a  delicate  network  of 
protoplasmic  processes  from  the  mesothelial  cells.  The  cores 
of  the  villi  are  thus  at  no  time  really  empty,  and  are  soon  occupied 
by  delansinated  mesenchymal  cells.  From  the  bases  of  these 
vilU  mesenchymal  cells  are  proliferated  apparently  both  from  the 
walls  and  the  mesenchymal  core,  and  soon  come  to  form  a  small 
mass  on  the  right  side  lying  just  below  the  omphalo-mesenteric 
vein.  On  the  opposite  side  the  irr^ularities  are  not  villi  but 
longitudinal  folds.  Unlike  villi  they  do  not  arise  from  a  thickened 
plate,  the  'mesothdium  at  this  point  remaining  as  thin  as  else- 
where at  the  time  of  formation.  Afterward  the  cells  become 
more  columnar  and  a  mass  of  mesenchyma,  larger  but  similar 
in  other  respects  to  that  of  the  opposite  side,  is  proliferated  and 
underlies  the  left  omphalo-mesenteric  vein.  Figure  7  shows 
the  position  and  extent  of  these  two  mesenchymal  proliferations 
in  an  embryo  7.5  nan.  long  (H.E.C.  1496).  Soon  after  this 
stage  the  ventral  mesentery  breaks  down  and  the  ventral  surface 
of  the  liver  is  free  throughout  its  extent.  With  this  process 
there  is  a  delamination  of  m^enchymal  cells  along  the  median 
ventral  line  which  unites  the  lateral  ones  already  described,  and 
there  is  thus  formed  a  general  ventral  bed  of  mesenchyma  which, 
as  growth  proceeds,  forma  a  coating  about  the  gall  bladder  and 
constitutes  a  large  loose-me^ed  mass  which  extends  forward 
from  the  gall  bladder  to  the  anterior  mesothelial  wall  of  the 
liver.  * 

This  constitutes  tiie  first  and  ventral  contribution  of  mesen- 
chyma to  the  liver  from  its  mesolhehal  envelope.  In  its  entire 
extent  it  produced  the  mesenchyma  which  surrounds  the  gall 
bladder,  and  later  the  vessels  adjacent  to  it,  the  covering  of  .the 
cystic  duct,  and  to  an  imdeterminable  degree  the  sparse  mraen- 
chymal  tissue  of  the  lower  part  of  the  hepatic  parenchyma. 
The  irregularities  of  the  mesothelium  on  the  right  side  do  not 
continue  for  any  ^eat  period.    By  the  time  the  embryo  reaches 
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Fig.  6  A  iieri«B  of  transverse  sections  of  liver  Etntagcn  of  Acanthias  embryos 
of  difFereot  ages.  The  mesothelium  is  represented  in  solid  black,  the  mesenchytn* 
in  coftrse  stipple  and  the  entodennal  structures  in  outline;  the  blood-vesaels  are 
omitted.  A,  embryo  6.4  mm.  long  (S.C.  19);  B,  embryo  9  mm.  long  (H.E.C. 
1496);  C,  embryo  10  mm.  long  {C.8.  20);  D,  embryo  15  mm.  long  (H.E.C.  1494); 
£,  embryo  20.6 mm.  long  (H.E.C.  1494};  all  X£0. 
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a  length  of  15  mm.  the  mesothelium  is  smooth  and  much  reduced 
in  thickness.  When  the  embryo  reachra  a  length  of  18  nmi.  the 
villi  are  reduced  to  small  conical  projections  and  are  absent  in 
embryos  of  20  mm.  Thereafter  the  mesothelium  covering  the 
ventral  part  of  the  liver  on  both  sides  becomes  Bteadily  reduced 
in  thickness,  and  in  ^ubryos  of  25  mm.  and  longer  it  is  an  ex- 
ceedingly thin  layer  of  squamous  epithelium. 

The  second  and  dorsal  mesenchymal  proliferation  be^ns  at  a 
later  stage  than  does  the  ventral  one.  In  an  embryo  6.4  mm.  in 
lei^th  (S.C.  19)  (fig.  6  A)  the  dorsal  portion  of  the  mesothelium 
is  seen  to  be  sli^tly  thinner  thfm  that  of  the  ventral  zone.  As 
the  lateral  pouches  of  the  liver  are  pushed  upward,  the  omphalo- 
mesenteric veins  come  to  lie  mainly  dorsal  to  these  structures 
and  the  mesothdium  over  them  is  gradually  thickeoed.  This 
thickenii^  is  most  noticeable  at  the  lateral  margins  of  the  dorsal 
surface  (fig  6  B).  Soon  after,  in  embryos  of  10  to  12  mm.,  the 
mesothehum  of  this  region  becomes  distinctly  thickened  in  places 
and  is  iovaginated  forming  tubules  the  waUs  of  which  are  continu- 
ous with  the  splanchnic  mesothelixun  and  the  lumina  with  the  coe- 
lomic  cavity  (fig.  6  C  and  fig.  7) .  Often  these  tubules  first  appear 
as  long  treoches  on  the  coelomic  surface  of  the  mesothelium. 
The  sides  of  these  trenches  coalesce,  thus  roofing  over  the  de- 
pression and  forming  tubules  which  open  into  the  coelom  %t  both 
ends.  Other  tubules  grow  in  and  end  blindly.  Examples  of 
these  early  tubules  are  shown  in  figure  8.  Although  fairly 
regular  at  the  start,  these  structures  soon  become  irregular  in 
caliber  and  form,  and  very  often  anastomose.  Their  lumina 
may  be  occluded  in  places  thus  forming  mesothelial  cysts  which 
are  generally  connected  by  solid  stalks  with  the  coverii^  meso- 
thelium. At  the  time  of  their  highest  development  the  tubules 
form  an  anastomotic  network  which  fills  the  dorsal  fifth  of  the 
anterior  part  of  the  liver  and  they  are  then  easily  mistaken  at 
first  sight  for  true  hepatic  tubules  (fig.  6D).  More  careful 
study  ^ows  a  number  of  differences  between  the  two  structures. 
Aside  from  the  nuclear  differences  to  be  mentioned  later,  the 
mesothelial  tubules  are  more  irregular  than  the  hepatic  cylinders, 
their  walls  are  thinner  both  actually  and  relatively  as  com[>ared 
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to  their  lumina,  the  cells  are  more  columnar  and  there  is  no 
definite  external  cuticula  as  there  seems  to  be  in  the  hepatic 
cells  at  this  time.  The  cytoplasm  of  the  cells  is  also  more  granu- 
lar.   The  mesothelial  tubules  may  extend  downward  and  come 


Fig.  7  Transverae  oection  through  the  atttenor  part  of  the  anlage  of  the 
liver  of  an  Acanthiaa  embryo  7.5  nun.  long  (H.E.C.  1496).  X  400.  B,  tangential 
section  of  the  mesothelial  wall  BUirounding  radicle  of  the  left  omphalo-mesenterio 
vein;  tf.k«p.p.,  median  hepatic  pouch;  M.v.,  mesothelial  villus;  V.I. ,  left  omphalo 
mesenteric  vein;  V.t.,  right  ompbalo-mesenteric  vein;  X,  proliferated mesenchyma. 

in  contact  with  the  hepatic  cylinders,  but  generally  they  are 
replaced  in  this  region  by  cords  of  mesenchymal  cells.  Figure  9 
is  a  cross-section  of  a  portion  of  the  Uver  of  an  Acanthias  embryo 
15  mm.  in  length  (H.E.C.  227)  showing  these  tubules  (Mes.t.)  in 
the  highest  state  of  development. 
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Fig.  8  Transverse  Bection  of  the  meBothelial  covering  of  the  dorso-lateral 
mugin  of  the  liver  of  an  Acanthias  embryo  13.3  mm.  long  (S.C.  18).  X  400. 
M.t.,  mesothelial  tubulea. 

Fig.  9  Transverse  aection  of  the  dorsal  portion  of  the  liver  of  nn  Acanthias 
embryo  16  mm.  long  (H.E.C.  227).  X  400.  H.t.,  hepatic  tubulea;  M.t.,  meeothe- 
tia]  tubules. 
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The  meaothelial  tubules  do  not  remain  long  as  such.  The 
lumina  are  soon  obliterated  and  the  solid  cords  thus  formed 
break  up  into  mesraichymal  strands.  This  process  begins  at 
the  inner  end  of  the  cords  and  con  be  seen  in  figure  9.  By  the 
time  the  embryo  reaches  a  length  of  23  to  25  mm.  the  cords  are 
entirely  replaced  by  such  mesenchymal  strands  which  run  in 
among  the  tubules  which  have  now  invaded  this  region  (fig.  38). 
At  28  to  30  mm.  even  these  strands  have  entirely  disappeared 
and  mesenchymal  cells  can  be  found  only  occasionally.  The 
formation  of  mesenchyma  by  tubular  ingrowths  of  mesothelium 
does  not  preclude  the  occasional  delamination  of  single  cells 
from  the  splanchnic  mesoderm  direct,  but  this  delamination 
contributes  but  little  to  the  total  of  the  hepatic  mesenchyma. 

The  nuclei  of  the  splanchnic  mesothelium  in  embryos  5  or  6  mm. 
in  length,  before  mesenchymal  delamination  begins,  are  broadly 
oval  in  outline.  They  have  the  typical  structure  which  is  found 
in  the  nuclei  of  most  of  the  tissues  at  this  time.  Each  nucleus 
contuns  two  or  three  large  masses  staining  black  with  Heiden- 
hain's  hematoxylin.  Each  of  these  masses  consists  of  a  nucleolus 
surrotmded  by  a  thick  layer  of  chroniatin.  The  remainder  of 
'  the  nucleus  is  filled  with  a  clear  karyoplasm  with  a  few  faint 
strands  of  chromatin.  These  nuclei  have  been  well  described  by 
McGiU  ('10)  who  studied  the  mesenchyma  of  the  foregut  r^on 
in  the  dogfish.  As  cells  are  delaminated  from  the  mesotheliiun 
and  as  the  nsesothelial  tubules  are  broken  up  into  a  mesencbymal 
syncytium,  most  of  the  nucleoli  disappear  and  the  chromatin 
is  gradually  scattered  in  a  finely  divided  network.  Similar 
changes  take  place  in  the  nuclei  ol  mesotbelial  cells  but  at  a  later 
period.  A  comparison  of  figures  7  and  38  will  show  the  two 
extremes  of  this  change.  Mitotic  figures  are  numerous  in  the 
mesothelium  but  scarce  in  the  mesenchyma  derived  from  it. 

The  relation  of  the  mesotbelial  tubules  to  the  sinusoids  is  of 
interest  in  the  light  of  Br^n^'s  ('14)  recent  work  on  the  earliest 
blood  vessels  in  man.  Bremer  found  mesothelial  cords  from  the 
extra-^mbryonic  coelome  connected  with  the  angiocyats  and 
solid  cords  of  the  vascular  net  in  the  body  stalk,  and  he  si^gests 
that  the  elements  of  the  vascular  net  arise  from  these  ingrowths. 


,d.y  Google 


280  BICBABD  E.  SCAMMON 

I  have  not  found  that  the  cavities  in  the  mesothelial  tubules  or 
cysts  of  the  selachian  liver  connect  with  the  blood  spaces.  As 
the  walls  of  these  structures  break  up  into  mesenchymal  strands 
it  is  impossible  with  ordinary  section  and  staining  methods  to 
distinguish  between  them  and  the  endothelium  surrounding  the 
adjoining  sinusoids.  This  is  particularly  true  if  one  tries  to  follow 
the  mesenchymal  strands  which  penetrate  between  the  hepatic 
cylinders  in  later  stages  such  as  the  one  shown  in  figure  38. 
The  mesenchymal  and  endothelial  celts  fonn  free  anastomoses. 
McGill  ('10)  apparently  found  the  same  condition  in  a  much 
younger  embryo,  judging  from  figure  9  of  her  paper  with  which 
the  section  shown  in  my  figure  7  is  in  agreement. 

The  reduction  in  the  thickness  of  the  mesothelial  covering  of 
the  liver  and  the  disappearance  of  the  mesothelial  villi  is  no  doubt 
due  in  pari}  to  the  great  growth  of  the  contents  of  the  former, 
particularly  of  the  hepatic  cylinders  and  sinusoids.  This  in- 
crease takes  place  rather  suddenly  in  embryos  from  18  to  20  mm. 
in  length  and  the  reduction  in  the  thickness  of  the  mesothelium 
is  to  some  ^tent  coincident  with  it.  It  is  noticeable,  however, 
that  in  many  cases  when  a  hepatic  cylinder  comes  in  contact 
with  the  covering  mesotheliimi  the  latter  layra*  is  distinctly 
reduced  in  thickness,  its  constituent  cells  change  from  a  high, 
columnar  to  a  cuboidal  form  and  the  nuclei  from  oval  to  nearly 
spherical  bodies.  This  change  is  probably  not  due  to  pressure 
for  in  places  where  two  tubules  come  in  contact  wiih  the  meso- 
thelium and  are  separated  by  a  distance  hardly  equal  to  thdr 
own  diameter  the  mesothelium  becomes  thin  at  the  points  of 
contact  and  remains  thickened  over  the  small  intervening  portion. 
Were  the  ^ect  of  tubule  contact  only  a  matter  of  pressure,  one 
might  expect  some  flattening  of  this  Intervening  place  as  well. 
Also  the  mesothelium  is  not  pushed  outward  at  these  points  of 
contact  but  remains  on  a  level  with  the  surrounding  suriace. 

One  is  tempted  to  suggest  the  homology  of  this  dorsal  me&en- 
chyma-producing  mass  with  the  'Vorleber'  of  Kolliker  and  His. 
But  this  similarity  is  only  a  superficial  one  as  the  mass  just 
described  does  not  appear  until  after  the  liver  is  well  developed, 
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while  in  birds  and  mammals  the  'Vorleber'  is  a  precursor  of 
that  organ.  Also  the  selachian  mesenchymal  mass  lies  in  t^e 
dorsal  and  posterior  part  of  the  liver  along  its  free  upper  surface, 
while  the  'Vorleber'  Ues  anteriorly  and  is  broadly  connected  with 
the  dorsal  wall  of  toe  coelom.  Ziegler  ('8S)  showed  long  ago  that 
the  mesenchyma  of  the  intestine  in  selachians  arose  from  two 
longitudinal  zones  of  proliferation  from  the  splanchnic  mesoderm. 
One  of  these  zones  lies  above  the  archenteron  and  the  other 


Fig.  10  A  compariaoQ  of  Ziegler's  figure:  A,  of  the  meaencbymal  tissue  in 
the  trunk  region  of  a  BeUchiss  embryo  with  a  semi-diagranunatic  figure;  B,  show- 
ing the  ori|pn  of  the  meBenchyma  in  the  hepatic  region  of  an  Acanthias  embryo. 

ventral  to  it.  The  method  of  development  of  the  hepatic  mesen- 
chyma indicates  that  these  dorsal  and  ventral  zones  of  pro- 
liferation extend  forward  into  the  liver  region  as  well  and  remain 
distinct  for  a  considerable  period  even  after  the  liver  has  separated 
from  the  gut  above  it.  A  comparison  of  a  semi-diagrammatic 
figure  of  a  cross-section  through  the  hepatic  region  with  Ziegler's 
diagram  of  a  similar  section  through  the  middle  of  a  trunk  seg- 
ment shows  the  essential  agreement  in  the  origin  of  the  splanchnic 
mesenchyma  in  the  two  regions  (fig.  10). 
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HISTORY  OF  THE  HEPATIC  SINUSOIDS 

The  sinusoide  of  the  selachian  liver  are  most  striking  objects 
and  at  one  time  form  decidedly  more  than  half  of  the  entire  bulk 
of  the  oi^an.  Minot  ('00)  has  given  the  only  description  of  them 
which  is  at  all  complete  as  a  part  of  his  exposition  of  the  nature 
of  the  sinusoidal  circulation.  Brief  notes  are  also  to  be  found 
in  the  papers  of  Holm  ('97)  and  Debeyre  ('09).  The  general 
development  of  the  vdns  of  the  liver  in  these  fishes  has  been 
studied  by  Rabl  ('92),  Hoffmann  ('93)  and  Hochstetter  ('93). 
The  early  development  of  the  omphalo-mesenteric  veins  has 
been  observed  in  detail  by  Mayer  ('87)  and  by  Ruckert  ('88). 
Therefore  I  shall  give  only  the  briefest  outline  of  the  general 
history  of  the  veins,  and  will  begin  with  the  conditions  found  in 
Acanthias  embryos  from  8  to  10  mm.  in  length.  In  such  embryos 
there  are  paired  omphalo-mesenteric  veins  extending  forward 
to  the  sinus  venosus  on  eithra:  side  of  the  gut.  The  left  vein  is 
somewhat  larger  than  the  right.  At  first  the  right  and  left 
trunks  are  quite  s^arate  but  soon  they  form  two  anastomoses, 
one  posterior  to  the  pancreas  and  the  other,  a  little  later,  just 
posterior  to  the  hver  bdow  the  for^ut.  From  the  latter  anasto- 
mosis the  vans  pass  forward  on  either  side  of  the  for^ut  and 
medial  to  the  lateral  hepatic  pouches  until  they  reach  the  anterior 
end  of  the  hver  where  they  join  and  form  the  ^us  venosus. 
It  is  important  to  ncTte  that  in  Acanthias  in  early  stages  only  the 
media!  surfaces  of  the  lateral  pouches  are  in  contact  with  vascular 
channels.  There  are  no  vascular  channels  between  the  lateral 
surfaces  of  the  hepatic  pouches  and  the  mesothelium  covering 
them. 

F^ure  11  A  shows  a  reconstruction  of  a  somewhat  later  stage 
in  which  important  changes  have  taken  place.  Now  only  the 
left  omphalo-mesenteric  vein  passes  through  the  groove  between 
foregut  and  lateral  hepatic  pouch  to  join  the  sinus  venosus.  The 
right  vessel  ends  blindly  anteriorly  and  is  connected  with  the  left 
by  the  large  anastomosis  which  hes  behind  the  hver.  In  the 
meantime  either  a  single  vessel  or  several  vascular  sprigs  have 
grown  back  on  either  side  from  the  sinus  venosus  and  passing 
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Fig.  11  Semi-diagTAmmfttic  graphic  reconstructions  (from  frontal  Hectiona) 
of  the  liver  veins,  as  seen  from  above,  of  tliree  AcanthiBs  embryos.  The  hepatic- 
portal  veins  are  represented  in  solid  black,  the  hepatic  veins  and  siniia  venoeuB 
in  heavy  stipple  and  the  faep&tio  parenchyma  in  light  stipple.  In -figure  12  A, 
the  connection  between  the  liver  and  the  foregut  and  the  upper  parts  of  the  lateral 
hepatic  pouches  are  represented  as  cut  away  dorsally.  A,  embryo  IS  mm.  long 
(H.E.C.  230);  B,  embryo  20  mm.  long  (S.C.  31) ;  C,  embryo  41  mm.  long  (H.E.C. 
371).  H.p.,  right  lateral  hepatic  poucb;  St.,  atalk  connecting  liver  pouch  with 
foregut  above;  S.v.,  sinus  venoaus;  V.h.d.,  right  hepatic  vein;  V .k.-p.d.,  rigbt 
hepatic-portal  vein. 
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aloDg  OD  the  lateral  surfaces  of  lateral  hepatic  pouches  have 
formed  a  vascular  plexus  consisting  of  several  large  sinuses  ioter- 
nipted  by  small  lacunae.  In  the  drawing  the  omphalo-mesenteric 
veins,  properly  speaking,  are  represented  in  solid  black  and  the 
sinus  venosus  and  the  veins  developed  from  it  in  stipple.  The 
posterior  part  of  the  omphalo-mesenteric  veins  may  now  be  called 
'hepatic-portal'  veins,  this  b^ng  the  term  commonly  used  to 
designate  them  in  the  adult,  while  the  veins  which  are  efferent 
in  their  drainage  will  be  designated  by  the  term  hepatic  veins, 
which  is  the  name  applied  to  them  in  works  on  adult  anatomy. 

In  the  stage  just  described  tubules  have  formed  only  on  the 
lateral  surfaces  of  the  hepatic  pouches.  Soon  thereafter  tubule 
formation  takes  place  with  great  rapidity  along  the  mai^ns  of 
the  pQuches  and  from  the  pars  hepatic  medialis  as  well.  The 
latter  process  results  in  breaking  up  the  clear  passageway  of  the 
blood  along  the  left  omphalo-mesenteric  vein  to  the  sinus  venosus 
and  in  place  of  this  one  discrete  passage  there  are  formed  a  number 
of  small  irregular  venous  channels  which  pass  from  the  posterior 
portions  of  the  omphalo-mesenteric  veins  (hepatic-portal  veins) 
in  among  the  tubules  and  join  the  hepatic  veins. 

At  this  time  there  is  a  marked  growth  of  the  posterior  lobes 
of  the  liver  which  brings  about  several  changes  in  the  position  of 
the  venous  trunks.  These  may  be  seen  by  comparing  figures 
11 B  and  11  C  which  are  graphic  reconstructions  of  embryos 
18  mm.  and  41  mm.  long  respectively.  The  branches  of  the 
early  hepatic-portal  vein  which  extend  backward  along  the  inner 
surface  of  the  posterior  lobes  assume  more  and  more  importance, 
becoming  in  the  later  stagQ  the  posterior  continuations  of  the 
main  trunks  of  the  vein.  The  former  main  trunks  which  extended 
forward  are  relatively  reduced  in  size  and  appear  as  branches  of 
these  posterior  vessels.  At  the  same  time  the  sinus  venosus 
becomes  more  completely  separated  from  the  liver  as  the  septum 
transversum  is  formed  and  the  lateral  hepatic  efferent  trunks 
converge  towards  the  middle  tine.  In  so  doing  they  take  up 
the  two  lai^er  venous  radicles  which  formerly  lay  medial  to  them 
and  represented  the  remains  of  the  extreme  anterior  ends  of  the 
former  omphalo-mesenteric  veins.    Thus  these  vessels,  aa  may 
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be  seen  by  comparing  H  taid  C  of  figure  II,  become  branches  of 
the  hepatic  v^iis  instead  of  direct  tributaries  of  the  sinus  venosus. 
In  older  embryos  an  increase  in  the  caliber  of  the  hepatic  veins 
posterior  to  their  entrance  into  the  sinus  venosus  indicates  the 
position  of  the  hepatic  sinuses  which  become  so  prominent  in 
some  selachians  and  which  have  been  discussed  in  some  detail 
by  Neuville  ('01). 

In  selachians  as  compared  with  the  higher  groups  of  vertebrates 
the  primitive  liver  veins  are  retained  in  the  adult  almost  in  their 
entirety.  The  main  vessels  are  established  early  before  the 
ainiuoidal  complex  is  well  developed  and  these  trunks  remain 
almost  complete,  although  they  may  vary  in  size  with  changes  in 
the  hepatic  parenchyma.  In  figure  14,  for  ^:ample,  the  main 
trunks  of  the  h^atic  vein  can  be  seen  in  each  section  although 
the  size  of  these  trunks  varies  greatly.  The  only  primitive 
hepatic  vessel  which  is  really  completely  broken  up  into  sinusoids 
by  the  hepatic  cylinders  is  the  small  segment  of  the  left  omphalo- 
mesenteric vein  which  passes  over  the  pars  hepatica  mediaUs  to 
join  the  sinus  venosus  and  even  the  anterior  and  posterior  ends 
of  this  vessel  remain  as  branches  of  the  left  hepatic  and  the 
hepatic-portal  veins  respectively.  The  growth  in  length  of  the 
hepatic  and  hepatic-portal  veins  takes  place  at  the  ends  of  the 
lateral  lobes  of  the  fiver.  Here  there  exist  venous  sinuses  which 
are  joined  by  both  veins  and  which  are  interrupted  by  only 
occasional  hepatic  cylinders  sheathed  with  endothelium.  From 
these  sinuses  the  posterior  ends  of  the  afferent  (hepatic-portal) 
and  efferent  (hepatic)  veins  are  differentiated  by  the  growth  of 
a  septimi  of  hepatic  cylinders  which  at  first  form  a  loose  mesh- 
work  and  later  become  a  compact  wall  through  which  only 
small  capillary  sinxisoids  pass  from  one  vein  to  another.  Some 
of  the  venous  branches  of  the  second  order  represent  remains  of 
original  venous  trunks  as  for  example  the  two  largest  tributaries 
of  the  hepatic  vdns  from  the  median  lobe.  The  others  are  the 
representatives  of  the  larger  passageways  which  have  pushed  be- 
tween the  fairly  constant  tubule  clusters  which  arise  from  the 
hepatic  pouches.  Each  of  the  larger  branch^  of  the  hepatic-portal 
vein  in  the  median  lobe  of  the  liver  accompanies  for  a  short  dis- 
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tauce  a  secondary  hepatic  duct  derived  from  one  of  these  tubule 
clusters.  As  a  rule  the  tubule  ridges  of  the  lateral  surfaces  of 
the  hepatic  pouches  are  completely  formed  and  are  beginning 
to  break  up  into  rows  of  individual  aolagen  before  these  blood 
vessels  invade  thdr  vicinity.  Different  embryos,  however,  show 
some  variation  in  this  respect.  The  vessels  pass  backward 
between  these  rows  of  tubules  and  form  a  vascular  plexus  inter- 
rupted by  a  few  small  lacunae.  After  this  process  is  quite  well 
underway,  the  main  vascular  trunk  of  the  left  omphalo-mesenteric 
vein  is  interrupted  by  the  growth  of  the  pars  h^atica  medialis 
and  as  a  result  vascular  sprouts  extend  out  from  the  posterior 
part  of  this  vessel  and  its  fellow  of  the  oppoEste  side.  These 
sprouts  join  with  the  plexuses  of  the  hepatic  veins  and  there  is 
thus  produced  a  set  of  sinusoidal  vessels  connecting  the  remains 
of  the  omphalo-mesenteric  (hepatic-portal)  venous  system  with 
the  true  hepatic  veins.  The  extension  of  this  network  is  gradual, 
and  is  not  completely  established  until  the  tubules  are  well  differ- 
,  entiated  and  anastomosis  between  the  tubules  begins  to  take 
place.  The  establishment  of  the  complete  sinuosidal  circulation 
and  of  tubule  anastomosis  is  practically  simultaneous.  In 
Acanthias,  as  in  the  pig  according  to  Hilton  ('03)  and  in  reptiles 
(Hammer  '93) ,  there  is  no  reason  to  believe  that  the  blood  vessels 
have  anything  to  do  with  the  formation  of  the  earliest  hepatic 
tubule.  Certainly  there  is  no  breaking  up  of  a  solid  mass  of 
liver  cells  as  described  in  the  frog  by  Shore  ('93)  or  anyindentation 
of  the  wall  of  ihe  lateral  hver  pouches  as  has  been  seen  in  Torpedo 
by  Choronsbitzky  ('00).  The  vessels  last  of  all  penetrate  amoi^ 
the  tubules  of  the  ventral  surface  of  lateral  hepatic  pouches. 
Figure  12  is  a  frontal  section  through  the  tubules  of  this  r^on 
of  an  embryo  15  mm.  in  length  (H.E.C.  228).  It  will  be  seen 
that  the  tubules  are  separated  only  by  scattered  mes^ichymal 
cells  with  the  exception  of  a  single  vascular  sprig. 

Minot  ('00)  has  remarked  that  in  the  liver,  and  in  the  pro- 
nephros and  mesenephros  as  well,  the  sinusoids  which  at  first 
may  be  small,  increase  in  size  until  th^  reach  a  certain  mRitimiim 
and  then  decrease.  To  secure  some  idea  of  the  extent  of  the 
changes  which  take  place  in  this  process,  the  area  in  cross-section 
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of  the  blood  spaces  of  selected  sections  have  been  measured 
from  a  series  of  livers  of  selachian  embiyos.  Eight  sections  were 
selected  for  measurement  from  each  liver.  To  secure  sections 
representing  about  the  same  relative  planes  in  each  specimen 


Fig.  12  Frontal  section  through  the  tubules  arising  from  the  ventral  surface 
of  the  para  hepatica  medialis  of  an  Acanthias  embryo  15  mm.  long  (H.E.C.  230). 
X  ISO.  Hepatic  cell  nuclei  are  shaded  with  vertical  lines,  nuclei  of  meeenchymal 
cells  drawn  in  outline.  A  Biagle  vascular  twig  ia  seen  in  cross  section  above  the 
largest  hepatic  tubule. 

the  following  method  was  employed.  The  Uver  was  considered 
as  divisible  into  three  parts,  as  represented  in  figure  13.  The 
first  segment  {A  to  B,  fig.  13)  consisted  of  that  part  of  the  liver 
Miterior  to  the  foremost  part  of  the  curved  cystic  duct.  The 
second  segment  {B  to  C)  extended  from  the  cystic  duct  to  the 
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plane  where  the  anterior  lobe  of  the  liver  joins  with  the  two  lateral 
and  posterior  ones.  The  two  lateral  lobes  form  the  third  seg- 
ment (C  to  D).  The  first  s^ment,  A  to  8,  was  divided  into 
three  equal  parts  and  the  sections  falling  upon  the  planes  separat- 
ing these  parts  {1  and  0)  were  used  for  measurement.  Two 
sections  were  selected  in  the  same  manner  from  the  second  seg- 
ment B  to  C.  The  third  segment  C  to  Z>  was  divided  into  five 
equal  parts  and  the  four  sections  falling  on  the  dividing  planes 
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Fig.  13  Diagram  of  the  liver  of  an  Acsnthiaa  embryo  ehowir^  method  of 
selecting  sections  for  measurements  of  the  blood  vessels.  Bile  ducts  and  gall 
bladder  represented  in  black. 

used  for  measurement.  In  this  segment  only  the  left  lobe  was 
measured  in  each  case.  The  sections  thus  determined  were 
drawn  with  the  camera  lucida  or  projection  apparatus  and  the 
total  area,  the  total  area  of  the  vascular  bed  in  cross-section,  and 
the  area  of  the  larger  vascular  tnmks  in  cross-section  were  then 
determined  by  means  of  a  planometer.*  From  this  data  the 
figures  given  in  table  2  were  calculated.  Such  a  method  can  lay 
no  claim  to  great  accuracy.  The  possibiUty  of  error  is  quite 
large  and  the  method  of  determining  the  position  of  the  sections 
has  some  objections,  for  all  parts  of  the  liver  do  not  grow  at  tiie 

*  It  is  impossible  to  determine  the  exact  area  of  the  large  trunks  in  the  earlier 
stages  because  of  their  great  irregularity  and  their  many  connections  with  the 
adjoining  sinusoids.  In  embryos  20  to  21  mm.  long  the  area  of  the  main  venous 
trunks  forms  about  20  per  cent  of  the  entire  cross  section  area  of  the  vascular 
spaces  of  the  liver.  This  drops  to  about  15  per  cent  in  embryos  of  25  to  28  mm. 
and  increases  thereafter  with  the  relative  reduction  of  the  sinusoids.  In  the  last 
member  of  the  series  in  table  2.  the  main  trunks  formed  about  30  per  cent  of  the 
total  cross  section  area  of  the  blood  vessels. 
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same  rate  and  the  development  of  the  vascular  supply  of  the 
organ  is  closely  related  to  its  growth.  Such  a  study,  however, 
does  give  us  some  rough  approximations  which  may  be  of  value. 

A  study  of  table  2  brings  out  clearly  the  three  stages  in  the 
vascularizatiou  of  the  liver  in  Acanthias.  The  first  stage  found 
in  an  embryo  between  12  and  20  mm.  in  length  is  one  in  which 
the  tubules  are  growing  with  great  rapidity  and  the  sinusoids 
are  only  cleft  like  endothelium  lined  spaces  (figs.  14  A  and  B). 
It  is  only  in  the  lateral  lobes  of  the  fiver  where  the  hepatic  and 
the  hepatic-portal  veins  unite  in  lai^e  sinuses  that  the  vascular 
percentage  of  the  organ  is  high.  Dxiring  the  latter  part  of  this 
period  tubule  anastomoses  are  forming  in  large  number.  With 
anastomosis  the  vascular  supply  of  the  organ  increases  with  the 
greatest  rapidity  and  the  tubules,  taking  on  the  form  of  slender 
cylinders,  are  separated  by  very  large  vascular  spaces.  This 
phase,  which  is  inaugurated  rather  suddenly,  continues  while  the 
embryo  grows  from  a  length  of  about  20  mm.  to  a  length  of 
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about  30  mm.  During  this  period  roughly  one-half  of  the  bulk 
of  the  liver  is  made  up  of  vascular  spaces  and  of  this  half  much 
the  greater  part  is  in  the  form  of  sinusoids.  Figure  14  C  is  a 
section  through  a  plane  corresponding  to  figure  14  B,  and  shows 
graphically  the  extent  of  the  blood  vessels  at  the  time  when  tiiey 
form  the  larger  part  of  the  liver.  New  tubules  develop  in  great 
numbers  durii^^  this  time.  Finally  a  period  of  reduction  in  the 
size  of  the  sinusoids  sets  in.  This  reduction  is  brought  about 
entirely  by  the  increase  in  the  size  of  tubules  already  formed. 
By  this  increase  in  the  parenchyma  the  sinusoids  are  reduced  to 
the  'capillaiy  sinusoids'  of  Minot.  This  process  is  very  notice- 
able in  embryos  between  35  and  45  mm.  in  length.  It  continues 
probably  to  the  time  of  birth.  F^ure  14  E  is  of  a  cross  section 
of  the  liver  of  an  embryo  47.3  mm.  long  and  shows  the  marked 
decrease  in  the  size  of  the  mnusoids  at  that  time. 

The  increase  in  size  of  the  sinusoids  is  both  actual  and  relative. 
The  decrease  in  the  total  area  (in  cross-section)  of  the  sinusoids 
is  at  first  only  a  relative  one, but  later.for  a  short  period  at  least, 
it  is  actual  as  well  as  relative. 

A  point  which  table  2  does  not  brii^  out  is  that  the  size  of  t^e 
sinusoids  is  not  detennined  by  their  position  in  relation  to  the 
larger  vessels  but  is  dependent  upon  the  stage  of  development 
of  the  parenchyma  with  which  they  are  interwoven.  The 
sinusoids  do  not  fonn  a  tapering  system  of  vessels  largest  near 
the  veins  which  receive  them.  This  has  been  in  a  way  pointed 
out  in  the  section  upon  the  growth  of  the  hepatic  cylinder  net- 
work. In  the  lateral  lobes  for  example,  the  growth  of  the  tissue 
is  at  first  entirely  backward  and  during  this  period  sinusoids  of 
large  size  are  generally  distributed  throughout  the  lobe  (fig.  15  A). 
After  the  lobes  have  completed  the  greater  part  of  their  posterior 
growth  there  begins  a  great  increase  in  the  hepatic  tissue  eloufs 
their  dorsal  mai^;ins  and  the  lobes  gradually  push  upward  on 
either  side  of  the  intestine.  With  this  change  in  the  area  of  rapid 
growth  there  also  occurs  a  change  in  the  sinusoids  which,  as  is 
shown  in  figure  15  B,  continue  to  form  practically  half  of  the 
dorsal  portion  of  the  lobes  while  in  the  ventral  portions  they 
form  less  than  10  per  cent  of  the  total  area  in  cross-section. 
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Fig.  14  A  Berien  of  transverse  sections  of  tbe  livers  of  Acanthias  embryos  of 
di£Fereat  ages  showing  the  development  of  the  sinusoids  which  are  represented 
in  solid  bisclc.  All  sections,  with  the  exception  of  A,  are  taken  at  a  plane  equally 
distant  from  the  anterior  end  of  the  liver  and  the  anterior  end  of  the  gall  bladder; 
all  X  35.  A,  embryo  13.3  mm.  long  (S.C.  18) ;  B,  embryo  20.5  mm.  long  (S.C.  5) ; 
C,  embryo  28 mm.  long  (S.C.  6) ;  D,  embryo  47.3 ram.  long  (S.C.  11). 
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Similar  changes  are  seen  in  earli^  stages  in  the  main  median 
lobe  of  the  liver  and  in  the  process  of  the  cystic  lobe  which  ex- 
tends into  the  yolk  stalk  coelome. 

In  Mustelus  and  Torpedo  the  early  development  of  the  hepatic 
sinusoids  is  quite  different  from  that  seen  in  Acanthias.  In 
these  forms  the  omphalo-mesenteric  veins  become  inuch  enlarged 
at  an  early  stage  and  lie  both  dorBo-medial  and  ventro-lateral 
to  the  hepatic  pouches  instead  of  only  medial  to  them  in  Acanthia& 
As  a  result  the  hepatic  tubules  are  in  contact  with  the  walls  of 
lai^e  vascular  chambers  from  the  time  of  their  first  appearance 
and  as  they  grow  they  can  only  do  so  by  pushing  the  endothelial 
walls  of  the  vessels  before  them.  The  tubules,  as  has  been  re- 
marked, are  slender  and  elongated  and  unite  by  anastomoses 
.  soon  after  their  formation.  Thus  there  is  no  stage  in  these  forms 
corresponding  to  the  early  one  in  Acanthias  where  the  sinusoids 
are  small  cleft-like  spEices.  The  proportion  of  the  volume  of  the 
liver  formed  by  sinusoids  is  very  high  at  first  but  is  steadily 
reduced  as  development  proceeds.  Figure  16  of  two  transverse 
sections  of  Mustelus  embryos  16.7  mm.  and  22.5  mm.  in  length 
respectively  illustrates  these  points,  as  do  also  the  thick  fronts 
sections  shown  in  figures  44  and  45.  The  larger  vasculartninks  of 
the  Uver  in  Mustelus  and  Torpedo  are  mapped  out  by  the  growth 
of  the  hepatic  cylinder  network  between  them.  As  in  Acanthias 
the  main  liver  v-eins  are  marked  out  early  in  the  development 
of  the  organ,  and  are  not  formed  by  the  fusion  of  sraaller  vascular 


In  both  the  forms  under  discussion  and  in  Acanthias  the 
hepatic  sinusoids  are  formed  by  the  intercresence  of  the  hepatic 
cylinders  and  the  omphalo-mesenteric  veins.  In  Mustelus  and 
Torpedo  this  intercresence  is  due  to  the  invasion  of  the  space 
occupied  by  the  van.  In  Acanthias,  in  early  stages,  the  inters 
cresence  is  due  to  the  penetration  of  the  venous  sprouts  about 
the  tubules  which  are  already  established.  In  later  stages  in 
Acanthias  the  cylinders  increase  by  growing  into  venous  spaces 
and  the  end  result  m  either  case  is  the  same.  Thus  both  the 
methods  of  anusoid  development  postulated  by  Minot  ('00)  and 
by  Lewis  ('04)  are  foxmd  in  these  forms. 
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^„  *K-  15  Two  transverse  sections  through  the  miildle  of  the  left  lateral  lobe  ot 
4iy  _  ^-liias  embryoa;  both  X  75.  A,  embryo  28  mm.  long  (S.C.  6);  B,  embryo 
j^*>*«Q.  long  (S.C.  11)  ;Binuaoids  represented  in  black. 


16    Tranaverae  aections  through  the  middle  of  ttie  median  lobe  ot  two 
■■yoB  of  MusteluH  canis.     A.  embryo  16.7  mm.  long  (S.C.  32) ;  B,  embryo  22..=) 
*>iig  (S.C,  33);  both  X  35;  sinusoids  represented  in  black. 
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In  Acanthias  the  establishment  of  the  sinusoidal  circulatioD 
and  the  process  of  anaatomosis  of  the  hepatic  tubules  occur 
almost  simultaneously.  In  Mustelus  and  Torpedo  the  hepatic 
tubules  anastomose  immediately  after  their  intercresence  with 
the  omphalo-mesenteric  veins.  At  first  sight  there  would  seem 
to  be  some  relation  between  the  sinusoidal  type  of  circulation 
and  the  anastomosis  of  glandular  end-pieces.  This  seems  to  be 
supported  by  the  evidence  that  the  pancreas  of  ganoids  haa  free 
anastomoses  with  a  sinusoidal  circulation  and  these  conditions 
are  also  found  in  the  paraphysis  of  Necturus  (Warren  '05)  and 
in  the  islands  of  Langerhans  in  Mammalia  (deWitt  '06).  Sinus- 
oids also  occur  in  other  ductless  glands  which  anastomose. 
On  the  other  hand  I  have  found  no  report  of  anastomoses  between 
the  tubules  of  the  mesonephros,  and  a  free  sinousoidal  circulation 
exists  in  this  organ.  The  tubules  of  the  embryonic  mammalian 
pancreas  are  known  to  anastomose  freely,  and  there  is  no  record 
of  a  sinusoidal  circiUation  in  this  oi^an.  Similarly  Braus  ('00) 
finds  a  free  anastomosis  of  the  end  pieces  of  the  bulbo-urethral 
gland  which  has  the  capillary  type  of  circulation  and  Brem^ 
('11)  has  found  the  same  conditions  in  the  testis.'  It  is  evident 
that  no  general  rule  can  be  laid  down  regarding  this  relation,  at 
least  with  our  present  knowledge  of  the  subject. 


A.  Development  of  the  hepatic  parenchyma 

1.  Hepatic  tubules  are  first  represented  by  longitudinal  ridges 
formed  on  the  external  surfaces  of  the  pars  hepatica  lateralis 
and  medialis,  and  by  slight  irregularities  of  the  margins  of  the 
pouches  formii^  the  pars  hepalJca  lateralis. 

2.  The  hepatic  ridges  are  converted  into  irregular  rows  of 
tubule  anla^en  by  transverse  constructions. 

3.  The  individual  tubule  anlagen  thus  formed  grow  outward 
and   are  differentiated  into   expanded  terminal  chambers  and 

'  OccaeioDal  anastomoses  are  found  in  a  number  of  glands  such  as  the  gastric 
and  uterine  glands.  It  is  to  be  expected  that  such  occasional  connections  will 
be  found  in  almost  any  gland  which  is  studied  carefully  with  the  aid  of  recon- 
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coQStricted  proximal  necks.  Secondary  tubules  of  the  second, 
third  or  fourth  order  may  be  produced  from  the  terminal  expanded 
chamber  before  tubule  anastomoses  are  fonned. 

4.  In  Acanthias  the  hepatic  tubules  may  differentiate  in  regions 
into  which  blood  bessels  have  not  penetrated. 

5.  Tubule  anastomosis  and  the  complete  establishment  of 
sinusoidal  circulation  are  practically  simultaneous. 

6.  Anastomoses  of  tubules  may  take  place  end  to  end,  side 
to  end,  or  side  to  side.  The  frequency  of  the  several  types  is 
in  the  order  stated. 

7.  The  process  of  anastomosis  involves  the  stages  of  (a)  the 
contact  and  fusion  of  the  tubules  involved,  (b)  the  rearrangement 
of  cells  in  the  area  of  confluence,  and  (c)  the  establishment  of  a 
new  connecting  lumen. 

8.  While  the  cell  position  is  shifted  in  anastomosis,  the  cell 
axis  remains  unchanged. 

9.  After  anastomosis  the  increase  in  the  number  of  hepatic 
cylinders  takes  place  in  three  ways,  viz:  (a)  the  formation  of  he- 
patic cylinders  directly  from  the  pouch  wall;  (b)  the  inter- 
stitial development  of  cylinders  from  blind  sprouts  from  the  net- 
work; (c)  the  peripheral  growth  of  the  terminal  hepatic  cylinders. 

10.  These  methods  of  increase  cease  in  the  order  named  and 
contribute  to  the  network  inversely  to  the  order  given  above. 

11.  Increase  in  the  number  of  cylinders  of  the  hepatic  network 
first  ceases  in  the  body  of  the  median  lobe  and  last  in  the  tips  of 
the  lateral  lobes  and  along  the  dorsal  margins  of  the  lateral  lobes 
and  connecting  portion. 

12.  The  number  of  cells  surrounding  the  lumen  of  the  hepatic 
cylinder  in  cross-section  drops  from  an  average  of  12  +  in  the 
tubule  at  the  time  of  anastomosis  (14  to  15  mm.)  to  3  *  in  an 
embryo  95  mm.  long. 

13.  The  diameter  of  the  hepatic  cylinders  increases  up  to  and 
immediately  after  the  time  of  anastomosis.  With  the  enormous 
increase  in  the  size  of  the  sinusoids  following  a  short  time  after 
anastomosis,  the  diameter  for  a  time  decreases.  Thereafter 
the  diameter  of  the  cylinders  undergoes  a  steady  increase  at  least 
to  the  time  of  birth  or  hatching. 


,d.y  Google 


296  RICHARD   E.   SCAMMON 

14.  The  early  increase  in  size  of  the  cylinders  is  due  to  a  multi- 
plication of  cells.  The  later  increase  is  due  to  a  growth  in  the 
size  of  the  individual  cells. 

15  The  hepatic  nuclei  which  are  originally  large  and  elongately 
oval,  become  somewhat  reduced  in  size  and  spherical  in  shape 
at  the  time  when  the  tubules  are  formed  from  the  tubule  ridges. 
Thereafter  they  undergo  a  slow  shrinkage  in  size  up  to  the  time  of 
birth.  In  later  stages  they  may  again  become  oval  or  gibbus  in 
outline,  due  to  the  pressure  of  the  intracellular  fat.  The  nuclei 
are  at  first  basal  in  position  and  later  become  either  central  or 
peripheral. 

16.  Hepatic  nuclei  first  have  tbe  common  embryonic  ts'pe  of 
structure  which  they  retain  longer  than  do  the  nuclei  of  most 
tissue.  The  erobrj'onic  type  of  structure  is  lost  first  in  the 
nuclei  of  the  gall  bladder  and  major  hepatic  ducts,  next  in  the 
minor  hepatic  ducts,  and  finally  in  the  hepatic  cylinders. 

17.  P'at  appears  in  the  cylinders  at  an  early  stage  and  eventually 
fills  almost  the  entire  cell  as  in  the  typical  fat  cell. 

18.  Selachians  in  which  the  omphalo-mesenteric  veins  are 
early  developed  to  large  proportions  have  slender  hepatic  tubules 
which  indent  the  walls  of  the  vessels  and  anastomose  at  a  verj' 
early  stage. 

B.  Development  of  the  minor  ducts 

1.  Two  forms  of  bile  duct  formation  exist  in  the  selachian  liver, 
that  of  evagination  of  the  liver  pouch,  and  that  of  transfonnation 
of  pre-existing  cylinders  into  bile  ducts.  The  first  and  most 
primitive  is  more  active  in  the  selachians  than  in  higher  verte- 
brates and  fonns  the  major  ducts  and  the  proximal  parts  of  the 
minor  ones.  The  distal  parts  of  the  minor  ducts  are  formed  by 
cylinder  transformation. 

2.  Ducts  are  only  differentiated  from  cylinders  which  lie  in 
contact  with  branches  of  the  omphalo-mesenteric  veins.  The 
side  of  the  cylinder  lying  towards  the  \'ein  is  always  the  first 
to  differentiate  and  in  the  smaller  ducts  is  the  only  part  to  be 
differentiated  from  the  true  hepatic  cells. 
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3.  The  cells  of  the  bile  duct  epithelium  are  structurally  farther 
removed  from  the  primitive  hepatic  cell  type  than  are  the  cells 
of  the  hepatic  cylinders. 

C.  The  hepatic  meaenchyma 

1.  The  hepatic  mesenchyma  is  derived  from  the  splanchnic 
mesothelium  from  two  zones  and  at  two  periods.  In  both  cases 
the  mesenchymal  proliferation  is  associated  with  marked  irregu- 
larities of  the  mesothelium. 

2.  The  first  mesenchymal  proliferation  is  ventral  and  is  as- 
sociated with  the  formation  of  mesothelial  villi  on  the  right  side 
and  irregular  mesothelial  growths  about  the  omphalo-mesenteric 
vein  on  the  left  side.  This  proliferation  forms  the  mesenchymal 
tissue  about  the  gall  bladder,  cystic  duct,  main  trunk  of  the 
omphalo-mesenteric  vein,  and  to  an  indeterminable  degree  the 
interstitial  mesenchymal  tissue  of  the  ventral  part  of  the  liver. 

3.  The  second  and  dorsal  proliferation  is  associated  with  the 
formation  of  mesothelial  funnels  and  anastomosing  mesothelial 
tubules  which  at  one  time  occupy  the  dorsal  fifth  of  the  liver. 
These  mesothelial  inva^nations  break  down  into  mesenchymal 
cords  which  in  turn  form  the  interstitial  mesenchymal  tissue  of 
the  dorsal  part  of  the  liver, 

4.  These  two  zones  of  mesenchymal  proliferation  correspond 
with  the  two  zones  of  splanchnic  mesenchymal  proliferation  of 
the  trunk  region  of  selachian  embryos  as  described  by  H.  E. 
Ziegler. 

5.  The  mesothelial  covering  of  the  liver  is  at  first  made  of 
columnar  cells  which  later  become  squamous  and  thereafter 
apparently  give  rise  to  little  or  no  mesenchymal  tissue.  The 
last  areas  from  which  the  primitive  form  of  mesothelium  dis- 
appears are  the  tips  of  the  lateral  lobes  and  the  dorsal  margins 
of  the  lateral  and  median  lobes, 

6.  Generally  the  splanchnic  mesothelium  becomes  reduced 
at  once  from  a  columnar  to  a  squamous  cell  layer  upon  contact 
with  a  hepatic  tubule  or  cylinder. 
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7.  The  primitive  embryonic  type  of  nuclear  structure  is  lost 
in  the  mesenchymal  cells  as  they  are  proliferated  from  the  meso- 
thelium.  No  sharp  line  of  demarcation  could  be  drawn  between 
endothelial  and  mesenchymal  cells. 

D.  Hepatic  sinusoids 

1.  Hepatic  sinusoids  arise  in  selachians  by  intercresence  of 
the  hepatic  cylinders  with  the  omphalo-mesenteric  vein.  This 
intercresence  may  be  brought  about  either  (a)  by  the  growth  of 
the  rfuni  of  the  omphalo-mesenteric  vein  about  the  cylinders  as  in 
Acanthias,  or  (b)  by  the  invapnation  of  the  vessel  wall  by  grow- 
ing cylinders  as  in  Mustelus  and  Torpedo. 

2.  In  the  first  type  there  may  be  recognized  three  stages  of 
sinusoid  development:  (a)  The  first  in  which  the  sinusoids  are 
sparse  and  differ  from  capillaries  only  in  their  terminations  at 
either  side  in  veins;  (b)  The  second  stage  in  which  the  sinusoids 
are  greatly  enlarged  constituting  approximately  50  per  cent  of 
the  liver;  (c)  The  final  stage  in  which  the  sinusoids  take  the  form 
of  the  capillary  sinusoids  of  Minot.  In  the  second  type  of  inter- 
cresence only  the  last  two  stages  are  present. 

3.  The  reduction  of  the  sinusoids  from  stage  (b)  to  stage  (c) 
is  due  to  the  growth  in  size  of  the  hepatic  cylinders  and  not  due 
to  their  increase  in  number,  for  the  most  active  increase  in  num- 
ber of  cylinders  takes  place  prior  to  or  early  in  sta^e  (b). 
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17  Reconstruction  of  the  hepfttic  anlage  of  an  Acanthias  embryo  7.5  mm. 
long  (S.C.  14)  showing  longitudinal  tubule  ridges  upon  the  wall  of  the  lateral 
hepatic  pouch. 

18  Reconstruction  of  the  hepatic  anlage  of  an  Acanthias  embryo  10  nun.  long 
(S.C.  20)  showing  the  formation  of  individual  tubule  anlagen  from  the  tubule 

19  Reconstruction  of  a  hepatic  tubule  of  an  Acanthias  embryo  13.3  mm. 
long  (S.C.  18)  showing  division  into  dorsal  chamber  and  proximal  neck  and  the 
secondary  tubules  arising  from  the  former. 

20  Reconstruction  of  a  more  highly  developed  tubule;  from  the  same  speci- 
men as  figure  10. 

21  Reconstruction  of  two  simple  tubules  from  the  lateral  hepatic  pouch  of  an 
.Acanthias  embryo  IS  mm.  long  (H.E.C.  227). 

22  and  23  Two  views  of  a  reconstruction  of  a  highly  developed  hepatic  tubule 
just  prior  to  anaatomosis;  some  of  the  secondary  tubules  are  in  contact;  from  the 
same  specimen  as  figure  21. 

24  Reconstruction  of  three  anastomosing  tubules;  from  the  same  specimen  aa 
figure  21;  tubules  A  and  B  are  completely  fused;  tubules  C  and  A  are  in  an  early 
stages  of  the  process. 
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EXPLANATION  OF 

25  to  27  Sections  of  hepatic  tubules  of  Acanthias  illustrating  the  process  of 
anastomosis;  (fig.  3C  represents  a  step  between  figs.  26  and  27). 

25  Early  contact  stage  in  anastomosis;  from  an  embryo  13.3  mm.  long  (S.C. 
18) ;  alma  hematoxylin.     X  ■100. 

26  Fusion  of  lubulcs;  from  nn  embryo  19  mm.  loog  (R.C.  3);  alum  hematoxylin. 
X400. 

27  Establishment  of  connecting  lumen  between  two  anastomosed  tubules. 
From  an  embryo  10  mm.  long  (S.C.  2);  alum  hematoxylin.  X  400.  Graphic 
reconstructions  of  these  tubules,  shown  in  cross  section  in  figures  26  and  27,  are 
illustrated  in  figure  2,  page  224. 

28  to  30  Sections  of  the  external  walls  of  lateral  hepatic  pouches  of  Acanthiaa 
embryos  illustrating  the  formation  of  the  hepatic  tubules. 

28  Formation  of  tubule  ridges;  from  an  embryo  8  mm.  long  (K.L'.E.C. 
645);  iron  hematoxylin.     X  600. 

29  Early  outpouching  of  in<Uvidual  tubules.  From  an  embryo  10  mm. 
long  (S.C.  20) ;  alum  hemntoxylin.     X  400. 

30  Completely  formed  tubules  at  the  time  when  anaetomosea  first  appear; 
from  an  embryo  13,3  mm.  long  (S.C.  13) ;  alum  hematoxylin.     X  400. 
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a  of  liveVa  of  Acanthiae  embryoB  of  different  ages,  illus- 
trHtitiH  the  changes  id  the  hepatic  cylinderei  all  X  400. 

31  Section  of  the  liver  of  an  embryo  16  mm.  long  (K.U.E.C.  547);  iron 
hematoxylin. 

32  Section  of  the  liver  of  an  embryo  20.6  mm.  long  (H.E.C,  1^4);  iroa 
hematoxylin. 

33  Section  of  the  liver  of  an  embryo  32  mm.   long  (H.E.C.  1652);  iron 
hematoxylin. 

34  Section  of  the  liver  of  an  cmbr\'o  (of  Squalus  suciilii)  95  mm.  long  (H.E.C. 
1S83):  alum  cochineal. 
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35  TransverBe  section  of  the  margin  of  the  liver  of  an  embryo  of  Torpedo 
ocellata  29  mm.  long;  alum  hematoxylin.     X  350. 

38  Section  of  an  anastomosis  between  two  hepatic  tubules  of  an  Acaothias 
embryo  H  mm.  long  (S.C.  30) ;  alum  hematojtylin.  X  500.  (This  section  showB 
a  stage  intermediate  to  those  shown  in  figures  26  and  27). 

37  Transverse  section  of  a  terminal  bile  duct  of  an  embryo  95  mm.  long  (H.E. 
C.  1882);  alum  cochineal.     X  400. 

38  Hepatic  tubules  and  mesenchymal  injrrowths  from  a  transverse  section  of 
the  dorsal  margin  of  the  liver  of  an  .\eanthias  embryo  24.7  mm.  long  (H.E.C. 
1492);  iron  hematoxylin.  X  400.  M,  mesenchymal  ingrowths.  H.t.,  hepatic 
tubules. 

39  Transverse  section  of  a  developing  bile  duct  of  an  Acanthias  embryo  24.7 
mm.  long  (II  .E.G.  14S2);  iron  hematoxylin.     X  400. 
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PLATE  5 


EXPLANATION  or  ncCRES 


40  to  42  Portions  of  thick  Bections  of  livers  of  Acanthias  embryoe  of  dif- 
ferent agea.  The  methoil  of  preparation  is  described  in  footnote  i,  page  226. 
All  Bpprorimately  X  200. 

40  Thick  section  of  the  liver  of  an  embryo  approximately  15  mm.  long. 

41  Thick  section  of  the  liver  of  an  embryo  approximately  21  mm.  long. 

42  Thick  section  of  the  liver  of  an  embryo  approsimately  30  mm.  long. 
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43    Preparation  of  the  periphery  of  the  posterior  lobe  of  an  Acanthias  embryo 


approximately 

and  the  attachment  ol 

chymal  strands. 

44  Thick  frontal  ! 
match'  12  mm.  long, 
vascular  einuB  which  i 
hand  side 


long  showing  the  terminal  buds  of  the  hepatic  network 
thcnetworkto  the  meeothelial  covering  by  means  of  raeaen- 

Gction  of  the  liver  of  an  embryo  of  Mustelus  canis  approxi- 
The  large  hepatic  duct  and  the  hepatic  tubules  lie  in  a 
1  represented  in  black.    The  vertical  band  seen  on  the  right 
n  of  the  mesothelial  covering  of  the  liver. 
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45    Thick  froat&l  section  of  the  liver  of  an  embryo  of  Muatelus  c: 
mately  16  mm.  long. 


,d.y  Google 


HISTOGENESIS  OF  THE  LIVER 


,d.y  Google 


■ioyGoogle 


iMV.  or  'MOM 

Siift  Vx^mtBtig  nf  MmmBota 

CONTRIBUTIONS 

■t   -i-.  .■  FROM  THE 

■    ,'         ,    -         DEPARTMENT  OF  ANATOMY 
N'-.  ^"  ^-^' 

.{   C   i 

VOLUME  4 
1916 


MINNEAPOLIS 
Published  by  the  University  of  Mil 
igi7 


■ioyGoogle 


■ioyGoogle 


QUfr  Xntorsitg  of  JHinnrBota 


CONTRIBUTIONS 

FROM  THE 

DEPARTMENT  OF  ANATOMY 

VOLUME  4 
1916 


MINNEAPOLIS 

Published  by  the  University  of  Minnesota 

1917 


■ioyGoogle 


CONTENTS 

The  following  contributions  have  been  published  during  the  year  1916. 
Papers  marked  with  an  asterisk  (*)  are  not  included. 

Allen,  William  F.  i.  Studies  on  the  spinal  cord  and  medulla  of  Cyclo- 
stomes  with  special  reference  to  the  formation  and  expansion  of  the 
roof  plate  and  the  flattening  of  the  spinal  cord.  Journal  of  Compara- 
tive Neurolc^y,  26 :  9-77,  87  figures. 

Baumgartner,  E.  A,  i.  The  development  of  the  liver  and  pancreas  in 
Amblystoma  punctatum.  American  Journal  of  Anatomy,  19:  211-275. 
46  figures,  4  plates. 

Hoskins,  E.  R.  r.  The  growth  of  the  body  and  organs  of  the  albino  rat 
as  affected  by  feeding  various  ductless  gland.s  (thyroid,  thymus,  hyixi- 
physis,  and  pineal).     Journal  of  Experimental  Zoology,  21:  295-J46, 

4  charts. 

Jackson,  C.  M.  i.  Effects  of  inanition  upon  the  structure  of  the  thyroid 
and  parathyroid  glands  of  the  albino  rat,  American  Journal  of  Anat- 
omy, 19:  305-352,  14  figures. 

2,  Embryoli^y  and  medicine.    Journal- Lancet,  May  15. 
♦3.  Effects  of  inanition  upon  the  structure  of  the  thyroid  and  para- 
thyroid glands  of  the  albino  rat.     (Abstract.)     Proceedings  American 
Association  of  Anatomists,  Anatomical  Record,  10,  (Jan.). 

Johnston,  J,  B.  i.  Evidence  of  a  motor  pallium  in  the  forebrain  of  rep- 
tiles.   Journal  of  Comparative  Neurolc^,  26 :  475-479.  i  figure. 

2.  The  development  of  the  dorsal  ventricular  ridge  in  turtles.  Journal 
of  Comparative  Neuroic^y,  26:  481-503.  27  figures. 

3.  Neutral  red  as  a  cell  stain  for  the  central  nervous  system.  Anatomi- 
cal Record,  1 1 ;  297-298, 

Myers,  J.  A.  i.  Studies  on  the  mammary  gland,  1.  The  growth  and  dis- 
tribution of  the  milk-ducts  and  the  development  of  the  nipple  in  the 
albino  rat  from  birth  to  ten  weeks  of  age.  American  Journal  of  Anat- 
omy, 19:  353-389,  6  figures.  4  plates. 

♦2,  Growth  and  distribution  of  the  milk-ducts  and  development  of  the 
nipple  in  the  albino  rat  from  birth  to  ten  weeks  of  age.  (Abstract.) 
Proceedings  American  Association  of  Anatomists,  Anatomical  Record, 
10  (Jan.). 

Norris,  Edgar  H.  i.  The  morphc^enesis  of  the  follicles  in  the  human 
thyroid  gland,    American  Journal  of  Anatomy,  20:  411-448,  17  figures. 


,d.y  Google 


Scammon;  Richard  E.  r.  On  the  development  of  the  bihary  system  in 
animals  lacking  a  gall-bladder  in  postnatal  life.  Anatomical  Record, 
lo:  543-558,  10  figures. 

•2.  The  development  of  the  biliary  system  in  animals  lacking  3  gall- 
bladder in  post -embryonic  life.  (Abstract.)  Proceedings  American 
Association  of  Anatomists,  Anatomical  Record,  10  (Jan.). 

Stewart,  Chester  A.  i.  Growth  of  the  body  and  of  the  various  organs  of 
young  albino  rats  after  inanition  for  various  periods.  Biological  Bul- 
letin, 31 :  16-51,  5  tables,  4  charts. 

•2.  Growth  of  the  body  and  of  the  various  organs  of  young  albino  rats 
upon  refeeding  after  inanition  for  various  periods.  (Abstract.)  Pro- 
ceedings American  Association  of  Anatomists.  Anatomical  Record, 
10  (Jan.). 


,d.y  Google 


■ioyGoogle 


STUDIES  ON  THE  SPINAL  CORD  AND  MEDULLA  OF 
CYCLOSTOMES  WITH  SPECIAL  REFERENCE  TO 
THE  FORMATION  AND  EXPANSION  OF  THE  ROOF 
PLATE  AND  THE  FLATTENING  OF  THE  SPINAL 
CORD' 

WILLIAM  F.  ALLEN 
DepaTtment  of  Anatomy,  Universily  of  Mitmeiota 

EiaHTT-SBTEK   FIOUKBB 

CONTENTS 

I.  Introduction 9 

Mateml  and  its  prepftr&tion 10 

II,  Hereditary  and  mechanical  causes  underlying  the  fonuation  of  the 

fourth  ventricle  and  the  tela  cborioidea 12 

1.  Roof  plate  of  the  medulla  oblongata, 12 

A.  Amphioxus 12 

B.  Polistotrema  (Bdellostoma) 13 

C.  Petromyion 15 

D.  Selaohiana  and  Amphibia 23 

E.  Pig  embryos 26 

F.  Human  embryos 27 

2.  Descriptions  of  three  roof  plate  expansioos  of  the  spinal  cord  in  the 

20  cm.  Polistotrema  series 28 

III.  Causes  underlying  the  flattening  of  the  spinal  cord  in  oyolostomes 32 

IV.  General  considerations  and  summary 36 

V.  Literature  cited 40 

INTRODUCTION 

This  paper  has  grown  out  of  the  study  of  the  caudal  heart  and 
the  spinal  cord  and  nerves  related  to  it  in  Polistotrema.  Parts 
of  that  study  which  are  not  yet  completed  will  be  published 
later  and  will  deal  with  the  origin,  distribution,  and  phylogeny 
of  the  spiiial  nerves;  the  origin  of  muscle  sense  organs  in  con- 
nection with  the  specialized  muscles  of  the  caudal  heart;  and 

'  A  thesis  submitted  in  partial  fulfilment  of  the  requirements  for  the  degree  of 
Doctor  of  Philosophy,  Department  of  Anatomy,  The  University  of  Minnesota. 
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certain  ganglion  cells,  possibly  sympathetic,  which  are  found 
along  the  course  of  the  spinal  and  vagus  nerves.  The  present 
paper  includes  a  study  of  the  mode  of  origin  of  the  fourth  ven- 
tricle in  several  groups,  an  account  of  a  structure  similar  to  the 
fourth  ventricle  found  in  the  caudal  part  of  the  spinal  cord  of  an 
adult  Polistotrema,  and  a  study  of  the  development  of  the 
central  canal,  and  the  causes  tmderlying  the  flattening  and  the 
ventral  indenting  of  the  spinal  cord  in  Cyclostomes. 

Material  and  its  preparation 

Since  the  material  for  this  paper  came  from  such  diverse 
sources,  and  such  different  modes  of  technique  were  employed, 
too  much  time  and  space  would  be  consumed  if  a  detailed  de- 
scription were  given  of  each  method  employed.  With  the 
exception  of  the  Petromyzon  material,  which  was  fixed  in  Flem- 
ming,  corrosive-acetic,  and  Perenyi's  fluid,  my  own  material 
was  fixed  either  in  Tellyesnicky's  or  Bouin's  fluid.  It  was 
sectioned  after  paraffin  or  the  combined  celloidin-paraffin 
method  of  imbedding.  The  latter  method  gave  by  far  the  bet- 
ter results,  since  it  appears  to  have  all  of  the  advantages  of 
celloidin  in  causing  almost  no  shrinkage  and  its  ability  to  hold 
yolk  granules  and  blood  corpuscles  intact;  besides  allowing 
the  sections  to  be  cut  as  thin  as  paraffin  alone,  and  causing  no 
more  difficulty  in  manipulation.  For  the  most  part  the  sections 
were  stained  in  Heidenhain's  iron  hiematoxylin  and  cotmter- 
stained  in  an  alcoholic  solution  of  orange  G  plus  a  little  acid 
fuchsin.  In  a  few  instances,  in  very  young  Petromyzon  embryos, 
where  all  the  tissues  were  filled  with  yolk,  carmine  and  hsmalum 
were  used  to  advantage. 

Acknowledgments  are  due  to  Prof.  T.  G.  Lee  for  the  gift 
of  a  very  complete  series  of  Petromyzon  embryos,  which  were 
obtained  from  the  Connecticut  River.  Also  to  Prof.  R.  E. 
Scammon  for  the  loan  of  his  very  complete  serial  collection  of 
Squalus  embryos,  and  to  Prof.  J.  B.  Johnston  for  the  use  of  a 
similar  serial  collection  of  Amblystoma  embryos.  The  splendid 
series  of  human  and  pig  embryos  belonging  to  the  Institute  of 
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Anatomy  of  which  Prof.  C.  M.  Jackson  is  director,  were  espe- 
cially valuable. 

It  is  a  great  pleasure  to  the  writer  to  have  this  opportunity 
of  expressing  his  obligations  to  Prof.  J.  B.  Johnston  for  his 
valuable  suggestions  and  friendly  criticism  of  this  work. 

A  model  of  the  caudal  end  of  the  spinal  cord  from  a  r^on  a 
little  in  front  of  the  caudal  hearts  to  its  extreme  tip  was  pre- 
pared in  four  sections  from  the  20  cm.  Polistotrema  series. 
Also  a  model  in  two  pieces  was  prepared  of  the  cavity  of  the  so- 
called  first  roof  plate  expansion  and  the  enlarged  central  canal 
of  the  above  mentioned  series  of  Polistotrema.  These  models 
were  constructed  out  of  blotting  paper  after  a  modification  of 
the  Bom  method.  Tracings  of  each  section  were  made  on 
ordinary  writing  paper  with  the  aid  of  an  Edinger-Leitz  draw- 
ing apparatus,  using  a  magnification  of  100  diameters,  and 
afterward  each  tracing  was  carefully  checked  up  for  accuracy 
with  a  higher  magnification.  At  the  very  outset  two  base  or 
projection  lines  were  drawn  on  the  first  tracing,  one  following 
the  median  longitudinal  plane,  and  the  other  a  horizontal  line 
drawn  at  right  angles  to  the  first  line,  passing  along  the  ventral 
border  of  the  notochord.  These  projection  lines  were  added  by 
pencil  to  all  of  the  succeeding  tracings  after  the  following  manner: 
The  second  tracii^  was  carefully  fitted  over  the  first,  after  plac- 
ing both  over  a  plate  glass  covered  box,  containing  an  electric 
light  reflected  upward,  and  in  like  manner  these  lines  were  added 
to  the  third  tracing  from  the  second,  and  sq  on  to  the  end  of  the 
series.  Then  with  the  aid  of  carbon  paper  these  tracii^s  and 
projection  lines  were  transferred  to  sheets  of  blotting  paper, 
having  a  definite  thickness,  previously  determined  after  the 
following  method.  When  thoroughly  cooled  after  an  immersion 
in  melted  paraffin,  the  blotting  paper  selected  should  have  a 
thickness,  equal  to  the  thickness  of  the  section  multiplied  by 
the  magnification  used,  which  in  this  case  totalled  1.5  mm.  The 
sheets  of  blotting  paper  containing  the  transposed  tracings  were 
then  immersed  in  melted  parafiin,  drained  and  cooled.  After 
which  the  outlines  of  the  tracings  were  cut  out  with  a  sharp 
scalpel,  and  the  sections  were  built  up  in  regular  order.     In 
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part  to  maintain  this  r^ular  order  and  in  part  to  add  strength 
to  the  model,  a  copper  wire  was  inserted  through  each  section, 
passing  through  the  point  of  intersection  of  the  two  projection 
lines.  After  a  certain  number  of  sections  had  been  strung  on 
this  wire  they  were  securely  fastened  to  each  other  by  pins. 

HEREDITARY  AND  MECHANICAL  CAUSES  UNDERLYING  THE 

FORMATION  OF  THE  FOURTH  VENTRICLE  AND  THE 

TELA  CHORIOIDEA 

To  the  writer  this  problem  appears  to  be  primarily  phylo- 
genetic  rather  than  ontogeQetic;  consequently  this  study  begins 
with  the  lowest  vertebrates,  and  is  approached  as  a  problem  of 
evolution. 

1 .  Roof  plate  of  the  medulla  oblongata 

A.  Amphioxus.  Unfortimately  1  have  not  had  access  to 
any  embryological  Amphioxus  material  so  that  my  inferences 
will  have  to  be  drawn  entirely  from  adult  material.*  At  the 
outset  it  can  be  maintained  with  a  considerable  degree  of  safety 
that  the  adult  Amphioxus  brain  contains  nothing  which  can  be 
homologized  with  the  fourth  ventricle  of  h^her  vertebrates. 
Figure  67,  which  pasess  through  the  highest  point  of  the  anterior 
ventricle  (V.i)  demonstrates  clearly  that  there  is  nothing  here 
comparable  with  the  fourth  ventricle.  For  the  dorsal  portion 
of  the  cavity  is  much  narrower  than  the  ventral  portion,  and 
there  is  absolutely  nothing  in  the  way  of  a  thin  and  expanded 
roof  plate.  In  fact,  the  dorsal  portion  of  the  cavity  is  fairly 
filled  up  with  processes  from  ependymal  cells. 

A  few  sections  behind  the  first  ventricle  there  appears  a  small 
isolated  cavity  in  the  roof  plate  region  of  this  series,  designated 
as  the  posterior  ventricle  (fig.  6S,  V.j),  and  a  considerable  dis- 
tance behind  this  cavity,  there  is  a  second  dorsal  cavity,  also 
designated  as  the  posterior  ventricle  (fig.  69,  V.t).  This  is  some- 
what larger  than  the  previous  cavity,  and  can  be  readily  located 

'  In  order  to  eliminate  minor  details  of  deacription  from  the  text,  very  com- 
plete and  detailed  descriptions  of  the  figures  have  been  given  at  the  end  of  the 
paper,  to  whii;h  the  reader's  attention  is  directed. 
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from  its  position  inunediately  above  a  dorsal  group  of  large  nerve 
cells  (M'.C).  From  the  figures  by  Hatschek,  Willey,  Sterzi, 
and  others  it  is  evident  that  these  isolated  roof  cavities  described 
above,  were  once  a  part  of  a  common  central  cavity  of  the 
embryonic  brain,  which  later  in  development,  became  isolated 
through  an  invasion  of  ependyma,  and  it  is  entirely  jwssible 
that  this  region  of  the  central  cavity  in  the  embryo  was  much 
more  suggestive  of  the  fourth  ventricle.  Judging  from  the  adult 
alone  they  may  be  looked  upon  merely  as  vest^es  of  the  embryonic 
central  canal. 

B.  Polistotrema  (Bdellostoma)  My  embryonic  material  of 
Polistotrema  confirms  the  statements  of  Price,  von  Kupffer, 
and  Dean  that  Fohstotrema  possesses  well-developed  ventricles 
in  the  embryo;  the  expansion  being  fully  as  great  as  in  a  similar 
st^e  of  Petromyzon.  As  development  proceeds  the  lateral 
plates  increase  in  thickness  from  additions  of  fibers  and  cells 
until  the  fourth  ventricle  becomes  reduced  to  a  canal,  but  little 
larger  than  the  central  canal  of  the  spinal  cord. 

Sanders,  Holm,  Miss  Worthington,  Sterzi,  Cole,  and  NichoUs 
describe  and  figure  the  fourth  ventricle  about  as  it  is  showij  in 
figure  63.  There  is  some  httle  discrepancy  in  the  terminology 
used,  due  largely  to  the  differences  of  opinion  as  to  whether  or 
not  Polistotrema  has  a  cerebellum.  If  the  posterior  lobes  of  the 
mesencephalon  should  in  the  light  of  future  investigation  turn 
out  to  be  a  cerebellum,  then  the  boundaries  of  the  metencephalon 
will  have  to  be  carried  further  forward  than  we  have  indicated, 
and  the  so-called  sinus  mesocoelicus  of  NichoUs  (S.M.)  will 
have  to  be  called  the  anterior  dilation  of  the  fourth  ventricle  of 
Miss  Worthington's  description. 

My  transverse  series  through  the  brain  of  Polistotrema  show 
the  condition  of  the  ventricles  to  be  almost  identically  the  same 
as  Sterzi  and  NichoUs  found  them.  Until  the  embryolf^cal 
and  functional  areas  of  the  brain  have  been  better  worked  out 
it  seems  advisable  to  the  writer  to  let  the  posterior  border  of 
NichoUs'  sinus  mesocoelicus  (fig.  63,  S.M.)  mark  the  boundry 
line  between  the  mesencephalon  and  the  metencephalon,  and  to 
regard  his  isthmic  and  ventricular  canals  {figs.  63  and  65,  A.tV.) 
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as  dorsal  and  ventral  portions  of  the  anterior  end  of  the  fourth 
ventricle.  For  the  reason  that  in  Polistotrema  they  extend 
some  distance  behind  the  posterior  tip  of  the  mesencephalon, 
and  the  dorsal  or  posterior  canal  is  shown  in  transverse  section 
(fig.  65)  to  lie  close  to  the  dorsal  surface,  which-  is  then  the  only 
part  of  the  fourth  ventricle  to  retain  the  characteristic  dorsal 
position  of  the  higher  vertebrates.  These  two  canals  appear  in 
this  series  about  as  Nicholls  has  described  them,  the  dorsal 
(isthmic)  is  the  larger  and  contains  Reissner's  fiber.  Altiiough 
probably  subject  to  a  considerable  variation,  these  canals 
apparently  extend  further  caudad  in  this  series  than  Nicholls 
represents  them.  Also  in  this  series  the  dorsal  canal  (isthmic) 
gives  off  one  or  two  brtuiches  at  the  level  of  the  posterior  tip  of 
the  mesencephalon  (cerebellum  of  Miss  Worthii^ton),  which 
run  parallel  to  the  main  canal,  but  a  little  to  one  side  and  below 
(fig.  65,  A.^V.).  After  travelling  side  by  side  for  some  little 
distance  in  a  mass  of  spongy  ependymal  tissue  close  to  the  roof 
plate,  they  reunite  in  the  dorsal  canal,  and  soon  afterward 
both  the  dorsal  and  ventral  (isthmic  and  ventricular)  cuials 
unite  in  a  common  canal,  which  is  little  if  any  larger  than  the 
central  canal  of  the  spinal  cord.  This  constricted  portion  of  the 
fourth  ventricle  (fig.  63)  continues  caudad,  rather  deep-seated 
in  a  mass  of  loose  vascular  ependyma,  until  the  posterior  end  of 
the  medulla  is  reached,  where  it  expands  into  a  much  larger 
vesicle  or  sinus,  designated  as  the  posterior  dilation  of  the 
fourth  ventricle  (figs.  63  and  66,  ^.4^).  Behind  this  it  soon 
tapers  down  into  the  ordinary  central  canal  of  the  spinal  cord. 

A  glance  at  ^ures  63  to  66  suffices  to  show  that  the  fourth 
ventricle  of  Polistotrema  is  greatly  reduced  as  compared  with 
that  of  Petromyzon.  This  is  due  probably  to  the  rapid  increase 
ofifibers  and  cells  in  the  lateral  plates.  Notwithstanding  this 
reduction  in  size  and  general  alteration  in  appearance  and  struc- 
ture, the  walls  of  the  fourth  ventricle  in  Polistotrema,  although 
representing  a  greatly  modified  chorioid  plexus,  are  unquestion- 
ably capable  of  producing  cerebro-spinal  fluid.  The  posterior 
dilation  of  the  fourth  ventricle  {fig.  66,  P..F.)  contams  cerebro- 
spinal fluid  {S.C.F.)  in  the  form  of  a  deeply  staining  feltwork, 
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which  is  not  ependymal  cilia  or  a  tangled  Reissner's  fiber.  Also 
throughout  its  entire  length,  as  was  noted  by  Sterzi,  the  fourth 
ventricle  is  enveloped  by  a  rather  thick  layer  of  spongy  and  very 
vascular  ependyma,  which  would  be  distinctly  favorable  for 
infiltration  and  possibly  for  secretion  into  the  ventricle.  This 
rich  blood  supply  is  from  the  blood  vessels  and  sinuses  travere- 
ii^  the  meningeal  membranes,  and  especially  from  two  large 
arteries  (A.  rhombencephaUca  of  Sterzi),  one  of  which  appears 
in  figure  64  (M.A.).  Also  it  would  be  quite  possible  in  the 
anterior  part  of  the  fourth  (A.iV.)  for  the  various  canals,  which 
run  close  to  the  dorsal,  to  receive  infiltration  direct  from  the 
outer  meningeal  blood  and  lymph  sinuses. 

Coagulated  cerebro-spinal  fluid  is  also  to  be  seen  in  reduced 
amounts  in  the  mesencephalic  ventricles  designated  as  the 
posterior  mesocoele  and  the  sinus  mesoccelicus.  They  are  also 
surrounded  by  a  layer  of  vascular  ependyma,  which,  while  much 
thinner  than  the  corresponding  layer  of  the  fourth  ventricle, 
doubtless  functions  as  a  cerebro-spinal  fluid  forming  organ. 

A  careful  examination  of  this  peculiar  modification  of  the 
chorioid  plexus  of  the  fourth  ventricle  in  Polistotrema  leads 
one  to  believe  that  this  is  not  as  efficient  an  oif  an  for  the  pro- 
duction of  cerebro-spinal  fluid  as  the  more  expanded  tela  chori- 
oidea  of  Petromyzon  and  higher  vertebrates. 

C.  Petromyzon.  Petromyzon  is  apparently  the  best  type  that 
could  be  selected  for  obtaining  definite  information  concerning 
the  early  history  of  the  formation  of  the  fourth  ventricle  and  its 
expanded  roof  plate.  1)  It  is  the  lowest  hving  ver:tebrate  that 
possesses  a  well-developed  fourth  ventricle  and  expanded  tela 
chorioidea  in  the  adult.  2)  At  no  times  does  the  medulla  have 
a  pontine  flexure.  3)  Its  central  nervous  system  remains  a 
solid  cord  of  ectoderm  until  after  the  cranial  and  spinal  ganglia 
are  well-differentiated.  For  these  and  other  reasons  the  early 
history  of  the  fourth  ventricle  in  Petromyzon  has  been  studied 
in  the  effort  to  determine  the  essential  factors  involved  in  its 
appearance  and  growth. 

In  order  to  arrive  at  the  fundamental  factors  involved  in  the 
aniage  and  development  of  the  fourth  ventricle  in  Petromyzon 
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it  is  neeeesary  to  go  back  in  the  ontogeny  of  the  central  nervous 
system  to  the  time  when  it  was  a  solid  cord.  Of  my  embryos 
which  represent  stages  killed  at  5,  7,  9,  10,  11,  12,  14, 16,  18,  20, 
and  26  days  after  fertilization,  all  of  the  5  day  series  revealed 
the  central  nervous  system  as  a  solid  cord  or  keel  of  ectoderm 
cells,  formed  according  to  Calberla  by  a  process  of  delamination. . 
In  places  'neural  crest  cells  can  apparently  be  seen  budding  off 
from  the  dorso-lateral  surface  of  the  brain  and  spinal  cord  al- 
most identically  as  described  and  figured  by  von  Kupfter  ('90). 
It  is  obvious  that  the  preponderance  of  yolk  granules  in  all 
tissues  makes  accurate  observation  in  these  stages  very  difiScult. 
The  majority  of  the  7  day  embryos  disclosed  a  central  canal 
either  formed  or  in  the  process  of  formation.  Out  of  a  great 
number  of  series  of  10  day  embryos,  three  were  found  in  which 
the  opening  of  the  central  canal  had  been  considerably  retarded. 
In  one  series  the  central  nervous  system  was  still  a  solid  cord  of 
cells,  and  in  the  other  two  the  central  canal  wa^  in  the  early 
stages  of  formation.  These  series  were  selected  in  preference 
to  similar  stages  of  7  day  embryos  for  the  reason  that  less  yolk 
was  present  to  obscure  the  various  structures. 

To  facilitate  comparison  of  similar  sections  of  successive 
stages,  figures  33  to  38  and  figures  40  to  53  have  been  so  arranged 
as  to  bring  several  r^ions  of  series  in  a  horizontal  row,  while 
successive  stages  of  the  same  region  are  placed  in  a  vertical  row. 
The  conditions  at  the  level  of  the  trigeminal,  auditory  and  vagal 
ganglia  are  thus  readily  compared. 

In  figure  32  we  have  a  section  through  the  medulla  in  the  region 
of  the  VIII  ganglion,  which  portrays  very  well  an  extremely 
early  stage  in  the  formation  of  the  central  canal.  Here  the 
medulla  will  be  seen  to  be  composed  of  a  mass  of  nuclei  imbedded 
in  a  syncytium  of  protoplasm.  Excepting  in  the  roof  and  floor 
plates,  the  nuclei  have  migrated  some  little  distance  to  either 
side  of  the  median  sagittal  plane,  presenting  the  appearance  of 
a  rather  broad  light  line  surrounded  by  nuclei.  The  center  of 
this  light  streak  of  protoplasm  discloses  a  very  conspicuous 
furrow  or  seam  (CCS.),  which  appears  in  every  section  of  the 
central  nervous  system  of  this  series,  very  much  as  it  looks  in 
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this  section.  This  furrow  or  semn  represeots  the  position  of  the 
future  central  canal.  The  protoplasm  adjacent  to  this  seam  is 
sufficiently  granular  to  suggest  a  secretory  function  at  this  early 
stage. 

Figures  33  to  35  also  taken  from  a  10  day  Petromyzon  series 
exhibit  a  slightly  later  stage  in  the  formation  of  the  central 
canal.  Conspicuous  cavities  (CC.)  have  appeared  in  the  dorsal 
and  ventral  portions  of  this  furrow,  which  are  not  only  visible 
throughout  the  entire  medulla,  but  are  continuous  throughout 
the  spinal  cord.  It  should  be  recorded  that  a  few  sections  through 
the  medulla  possessed  slightly  larger  dorsal  and  ventral  cavities 
than  were  represented  by  these  figures,  but  in  no  case  had  they 
approached  each  other  close  enough  to  unite.  In  other  respects, 
excepting  possibly  for  a  few  more  fibers  in  the  marginal  layer, 
the  structure  of  the  medulla  has  remained  about  the  same  as 
in  the  previous  series.  Emphasis  should  be  made  of  the  fact 
that  each  of  these  cavities,  when  examined  with  a  higher  magni- 
fication, reveals  a  certain  amount  of  fine  granules,  which  in  some 
cases  nxay  have  completely  filled  the  cavity,  while  in  others 
they  are  confined  to  the  outer  edge,  leaving  a  clear  space  in  the 
center.  The  presence  of  these  granules  here  suggests  two  proc- 
esses: 1)  disintegration  of  the  central  protoplasm,  and  2)  prod- 
ucts of  secretion.  The  lateral  migration  of  the  nuclei  could  be 
utilized  to  support  either  inference.  That  such  a  migration 
of  nuclei  would  be  favorable  for  disintegration  is  self  evident, 
and  secretory  cells  are  usually  characterized  by  having  their 
nuclei  somewhat  remote  from  their  lumina. 

In  the  11  day  series  (figs.  36  to  38)  we  find  that  the  two  iso- 
lated dorsal  and  ventral  cavities  of  an  earlier  stage  have  not 
only  united  and  formed  a  cleft-like  cavity,  which  may  now  be 
designated  as  the  typical  embryonic  central  canal,  but  that  the 
original  dorsal  and  ventral  cavities  of  this  canal,  especially 
the  dorsal,  have  increased  notably  in  size.  The  narrow  central 
portion  (figs.  37  and  38)  indicates  that  this  is  the  place  where  the 
protoplasm  was  last  to  separate.  It  should  not  be  confused 
with  a  similar  condition  that  occurs  later,  when  the  central  and 
ventral  portions  of  the  lateral  plates  migrate  inward,  fuse,  and 
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completely  obliterate  that  portion  of  the  embryonic  central 
canal.  Aside  from  the  change  in  the  central  canal  the  size  of  the 
medulla  has  increased  in  all  directions,  but  especially  laterally, 
due  doubtless  to  an  increase  in  the  number  of  nerve  fibers  and 
cells  in  the  lateral  plates.  Both  roof  and  floor  plates  are  very 
thin,  comprised  of  about  one  layer  of  nuclei  each.  The  ventral 
plate  may  be  slightly  thicker,  due  to  the  addition  of  a  few  nerve 
fibers  to  the  outer  layer.  Absolutely  no  stretching  of  the  roof 
plate  has  occurred,  indicating  that  it  is  not  under  any  marked 
internal  pressure.  In  figure  37  (B.V.)  branches  of  the  inter- 
segmental blood  vessels  have  stretched  out  toward  the  roof  of 
the  brain,  but  at  this  stage  they  are  too  remote  from  the  roof 
plate  to  be  very  active  in  infiltration.  Figure  39  makes  clear 
that  the  spinal  cord  has  made  equal  progress  with  the  medulla 
in  developing  a  cleft-like  or  typical  embryonic  central  canal. 
In  the  cord  the  dorsal  and  ventral  enlai^ements  of  the  central 
canal  are  shown  to  be  of  about  equal  size. 

An  additional  day  (figs.  40  and  41)  discloses  considerable 
expansion  of  the  central  canal  throughout,  with  the  exception 
of  the  extreme  ventral  portion.  Very  noticeable  is  the  increase 
in  size  of  the  dorsal  portion,  the  future  fourth  ventricle  (caviti 
della  tela  coroidea  of  Sterzi).  The  roof  plate  exhibits  no  signs 
of  stretching.  Up  to  this  stage  the  expansion  appears  to  be  due 
to  the  migration  of  the-  ependymal  cells  upward  and  outward, 
rather  than  to  pressure  within.  The  floor  plate  will  be  seen  to 
have  increased  considerably  in  thickness  through  an  addition 
of  fibers  to  its  marginal  layer,  which  would  obviously  tend  to 
make  the  floor  plate  more  resistant  than  the  roof  plate  to  pressure 
from  within  from  this  time  on.  Both  lateral  plates  disclose  a 
remarkable  growth  in  thickness  due  to  an  addition  of  both  fibers 
and  cells,  some  of  which,  however,  must  be  attributed  to  the 
fact  that  the  head  was  sectioned  somewhat  obliquely  (note  in 
fig.  40  that  the  V  and  VIII  ganglia  appear  in  the  same  section). 
But  little  progress  has  occurred  in  the  development  of  the  inter- 
segmental blood  vessels,  so  that  Sterzi's  conjecture,  that  the 
embiyonic  cerebro-spinal  fluid  does  not  differ  in  any  way  from  the 
ordinary  intercellular  fluids,  would  probably  hold,  if  it  could  be 
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established  that  the  central  protoplasm  in  disintegration  con- 
tributed nothing  to  it.  The  spinal  cord  was  found  to  be  in  about 
the  same  condition  as  the  11  day  series. 

Moreover  an  18  day  series  (figs.  42  to  44),  some  6  days  older 
than  the  last  stage  compared,  shows  practically  no  change  in 
the  shape  and  size  of  the  central  canal  or  expansion  of  'the  roof 
plate,  despite  the  fact  that  a  notable  increase  of  fibers  had  oc- 
curred in  the  ventral  and  median  portions  of  the  lateral  plates. 
It  should  also  be  recorded  that  the  intermediate  stages,  as  rep- 
resented by  the  14  and  16  day  series,  exhibited  a  like  state  of 
the  central  canal.  A  further  interesting  condition  is  revealed 
from  a  section  of  the  spinal  cord  of  this  series  (fig.  45).  Here  the 
lateral  plates  have  expanded  to  such  an  extent  from  the  for- 
mation of  fibers  in  the  marginal  layer,  that  the  inner  surfaces  of 
their  central  areas  have  nearly  formed  a  complete  concrescence 
at  the  center  of  the  original  central  canal.  In  other  words,  the 
inner  surfaces  of  the  lateral  plates  have  met,  and  are  about  to 
fuse,  leaving  dorsal  and  ventral  cavities  {C.C.).  The  ventral 
one  of  these  cavities  will  persist  as  a  permanent  central  canal. 
In  Petromyzon  this  partial  closure  of  the  original  embryonic 
central  canal  of  the  spinal  cord  may  have  considerable  bearing 
on  the  increase  of  internal  pressure  of  cerebro-spinal  fluid  on  the 
walls  of  the  medulla,  during  this  and  later  stages.  We  may 
r^ard  the  period  from  about  the  12th  to  about  the  18th  day  as  a 
period  of  rest  in  the  formation  of  the  fourth  ventricle  in  Petromy- 
zon. During  this  time  the  processes  which  would  tend  to  expand 
the  central  canal  have  been  met  with  equal  counter  forces,  which 
would  make  for  closing  it  up. 

Transverse  sections  through  the  medulla  of  a  20  day  Petromy- 
zon series  (figs.  46  to  48)  demonstrate  a  marked  change  in  the 
medulla  and  its  central  cavity,  which  cavity  has  now  assumed 
the  form  of  a  fourth  ventricle.  A  marked  increase  has  taken 
place  in  the  number  of  fibers  in  the  ventral  plate  and  in  the 
ventral  portion  of  the  lateral  plates.  This  together  with  pres- 
sure from  the  growing  auditory  vesicles  {Aud.V.)  and  the  noto- 
ehord,  has  produced  a  nearly  complete  concrescence  of  the 
corresponding  middle  and  ventral  portions  of  the  inner  surfaces 
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of  the  lateral  plates.  Had  a  similar  increase  of  nerve  fibers 
occurred  in  the  dorsal  plate  and' in  the  dorsal  portion  of  the 
lateral  plates,  the  central  canal  of  the  medulla  might  have  been 
completely  obliterated.  On  the  contrary,  the  dorsal  cavity 
and  the  roof  plate  have  been  slightly  expanded,  apparently 
through'  an  increased  internal  pressure  from  the  embryonic 
cerebro-spinal  fluid.  One  evidence  that  increased  pressure 
may  exist  was  found  in  the  marked  decrease  in  the  size  of  the 
central  canal  of  the  cord  and  of  the  veotral  part  of  the  canal  in 
the  meduUa  region. 

A  second  evidence  is  found  in  the  changes  that  the  walla  of 
the  fourth  ventricle  are  undergoing  preparatory  to  becoming  a 
functional  oi^an  for  the  production  of  cerebro-spinal  fluid.  In 
connection  with  the  expansion  of  the  roof  plate  it  will  be  seen 
that  the  dorsal  mesenchyme  has  become  decidedly  vascular 
(fig.  46,  B.V.),  making  easy  an  infiltration  process  into  the 
ventricle.  Also  ependymal  cells,  surrounding  the  ventricle,  are 
taking  on  form  and  are  probably  assuming  a  secretory  function, 
if  they  have  not  acquired  one  previously.  From  the  recent 
work  of  Dandy  and  BUckfan  based  on  the  action  of  certain  drugs 
and  on  the  chemistry  of  cerebro-spinal  fluid,  it  is  evidence  that 
cerebro-spinal  fluid  must  be  a  product  of  secretion  as  well  as  of 
infiltration  and  diffusion.  It  is  a  well-established  physiological 
fact  that  certain  secretory  cells,  as  for  example  the  salivary 
glands,  may  assume  a  definite  polarity,  and  produce  a  secretion 
against  a  very  strong  pressure,  even  stronger  than  that  of  the 
blood.  Some  investigators  hold  that  lumina  in  glands  are  the 
result  of  pressure  from  secretion. 

tn  the  light  of  these  facts,  it  is  fair  to  assume  that  the  marked 
lateral  expansion  of  the  fourth  ventricle  and  its  roof  plate 
exhibited  in  the  26  day  series  (figs.  50  to  52)  are  the  direct  result 
of  internal  pressure  caused  by  the  marked  increase  in  cerebro- 
spinal fluid.  The  general  increase  in  size  of  the  ventricle  to- 
gether with  the  marked  convexity  of  the  roof  plate  and  the 
concavity  of  the  internal  surface  of  the  lateral  plates  certainly 
suggest  internal  pressure  from  the  cerebro-spinal  fluid.  It 
should  be  noted  in  figures  50  to  52  that  this  expansion  of  the 
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fourth  ventricle  has  produced  a  considerable  secondary  splitting 
in  the  concrescence  of  the  lateral  plates  recorded  for  the  pre- 
vious series.  Apparently  this  fissure  did  not  penetrate  so  deeply 
in  the  region  of  the  auditory  vesicles  (fig.  51,  Avd.V.)  as  it  did 
in  front  of  them  (fig.  50)  or  behind  them  (fig.  52),  which  probably 
indicates  that  the  growth  of  the  auditory  vesicles  in  some  way 
operated  against  the  further  splitting  of  medulla.  It  is  s^ifi- 
cant  that  the  expansion  of  the  roof  plate  and  the  development 
of  its  mechanisms  for  infiltration  and  secretion  occur  at  a  time 
prior  to  the  entrance  of  blood  vessels  into  the  wall  of  the  brain 
and  cord.  The  lai^e  production  of  cerebro-spinal  fluid  at  this 
time  is  evidence  that  it  serves  some  nutritive  function. 

In  figure  54  we  have  a  median  s^ttal  section  through  the 
brain  of  a  26  day  Petromyzon,  representing  a  stage  similar  to 
that  of  figures  50  to  53.  Especial  attention  is  called  to  the 
fact  that  figure  54  demonstrates  conclusively  that  the  -pronounced 
roof  expansion  displayed  in  figures  SO  to  62  has  occurred  without  the 
aid  of  a  ponHne  flexure.  The  slight  convexity  of  the  floor  of  the 
medulla  can  be  attributed  to  the  increase  of  fibers.  Also  earlier 
and  later  series  revealed  that  Petromyzon  possesses  no  pontine  - 
flexure.  Attention  should  be  called  to  the  fact  that  the  marked 
convexity  of  the  cephalic  end  of  the  thin  roof  plate  of  the  fourth 
ventricle  (C.C.)  in  figure  54  gives  every  appearance  of  being 
under  internal  pressure  from  cerebro-spinal  fluid.  This  section 
also  makes  clear,  as  Sterzi  has  previously  shown,  that  the  fourth 
ventricle  is  fonned  from  the  dorsal  portion  of  the  embryonic 
central  canal;  while  the  central  canal  of  the  cord  is  formed  from 
the  ventral  portion. 

The  following  observations  were  noted  in  connection  with  the 
appearance  of  the  fourth  ventricle  in  Petromyzon,  beginning  at 
a  stf^e  when  the  mediilla  was  a  solid  cord  of  undifferentiated 
nuclei  in  a  syncytium  of  protoplasm:  1)  The  ependymal  nuclei 
m^rated  a  short  distance  to  either  side  of  the  median  sagittal 
plane  leaving  a  narrow  strip  of  granular  protoplasm  in  the  center. 

2)  A  median  sagittal  furrow  or  seam  appeared  in  the  central 
protoplasm,  extending  from  the  roof  plate  to  the  floor  plate. 

3)  An  isolated  cavity  appeared  at  the  dorsal  and  ventral  ends 
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of  this  furrow.  4)  The  two  cavities  became  connected,  fonnii^ 
a  cleft-like  canal,  designated  as  the  typical  embryonic  central 
canal.  This  canal  seems  to  be  formed  by  a  disintegration  of  the 
central  ends  of  the  ependymal  cells,  now  in  the  form  of  a  syn- 
cytium. 5)  A  considerable  increase  in  the  size  of  the  dorsal 
portion  of  the  central  canal  occurred  through  the  upward  and 
outward  migration  of  some  of  the  roof  plate  nuclei  and  a  disinte- 
gration of  the  inner  protoplasm.  No  sunilar  expansion  of  the 
ventral  portion  of  the  central  canal  of  the  spinal  cord  took  place 
because  its  marginal  layer  became  reinforced  very  early  by  the 
addition  of  nerve  fibers.  6)  Following  the  formation  of  the 
central  canal  of  the  medulla  there  was  an  increase  of  cells  and 
fibers  in  the  lateral  walls,  but  for  the  space  of  about  six  days 
there  was  little  change  in  the  size  of  the  central  canal.  7)  Next 
a  very  pronounced  increase  of  fibers  occurred  in  the  median 
and  ventral  portions  of  the  lateral  plates,  which  brought  about 
a  complete  concrescence  of  the  correspondii^;  inner  margins  of 
the  lateral  plates.  8)  A  sufficient  amount  of  cerebro-spinal  fluid 
was  formed  by  infiltration  and  secretion  to  produce  a  marked 
expansion  of  the  fourth  ventricle.  This  expansion  pushed  apart 
the  dorsal  portion  of  the  lateral  plates,  which  had  not  been 
thickened  by  an  addition  of  fibers,  and  stretched  the  roof  plate 
to  a  much  greater  width.  9)  Along  with  this  expansion  a 
secondary  splitting  of  the  concrescence  noted  in  (7)  took  place. 
This  fissure  did  not  penetrate  so  deeply  in  the  region  of  the 
auditory  vesicles  on  account  of  the  mechanical  obstacle  offered 
by  these  vesicles.  10)  This  expanded  roof  plate  apparently 
assumed  the  function  of  producing  cerebro-spinal  fluid  at  a  time 
previous  to  the  entrance  of  blood  vessels  into  the  central  ner\-ous 
system,  when  its  nutritive  function  would  be  of  importance. 

From  a  review  of  the  main  points  in  the  development  of  the 
fourth  ventricle  in  Petromyzon  we  are  warranted  in  concluding: 
1)  That  a  well-developed  fourth  ventricle  and  tela  cborioidea 
were  formed  in  one  of  the  lowest  living  vertebrates,  Petromyzon. 
without  the  aid  of  a  pontine  flexure.  2)  The  best  suggestion 
that  has  been  given  for  the  appearance  of  such  an  organ  in  the 
medulla  rather  than  elsewhere  in  the  central  nervous  system  is 
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that  the  roof  plate  has  been  weakened  more  in  the  medulla  region 
through  a  greater  migration  of  neural  crest  cells.  This  explanar 
tion,  however,  is  not  entirely  satisfactory;  since  it  was  shown  for 
Petromyzon  (fig.  32)  that  the  cranial  ganglia  were  well-differ- 
entiated while  the  medulla  was  still  a  solid  cord  of  cells.  If  then 
this  were  the  determining  factor  it  must  have  cast  its  shadow  a 
long  way  ahead.  Also  it  is  apparent  when  the  difference  in  size 
is  considered  between  the  medulla  and  the  spinal  cord  that  there 
are  relatively  no  more  neural  crest  cells  extruded  from  the 
mediUla.  3)  The  roof  expansion  appeared  at  the  same  time  in 
the  region  of  the  X  gangUon  as  in  the  region  of  the  VIII  and  V> 
and  developed  at  a  imiform  rate  throughout  the  medulla.  4) 
Two  factors  are  evident  in  the  formation  of  the  fourth  ventricle; 
first,  an  upward  and  outward  migration  of  the  roof  plate  nuclei 
followed  by  a  disintegration  of  the  inner  protoplasm;  second, 
internal  pressure  exerted  by  the  rapidly  increasing  cerebro-apinal 
fluid,  infiltrated  and  secreted  by  the  roof  plate  itself. 

D.  Selachians  and  Amphibia.  As  types  of  these  classes  I  had 
access  to  very  complete  sete  of  serial  sections  of  Squalus  and 
Amblystoma  embryos,  and  to  one  transverse  series  of  a  15  mm, 
Nectums.  A  careful  examination  of  this  material  contributed 
nothing  new  to  the  ontogeny  of  the  fourth  ventricle.  It  was 
possible,  however,  to  confirm  in  these  forms  many  of  the  con- 
clusions arrived  at  in  Petromyzon.  In  both  Squalus  and  Ambly- 
stoma the  much  earlier  appearance  of  the  central  canal  brings 
about  a  much  earUer  and  more  extensive  expansion  of  the  fourth 
ventricle.  The  sections  shown  in  figures  72  and  73,  while  pos- 
sessing enormous  expansions  of  the  roof  plate,  exhibit  less  progress 
in  the  differentiation  of  the  structure  of  the  medulla  than  was 
revealed  in  a  12  day  Petromyzon  (fig.  41),  in  which  very  little 
or  no  exptmsion  had  taken  place  in  the  roof  plate. 

In  Squalus  and  Amblystoma  the  typical  embryonic  central 
canal,  in  the  form  of  a  vertical  cleft,  is  a  comparatively  late 
production.  The  canal  appears  soon  after  the  neural  folds  co- 
alesce as  a  horizontal  cleft,  its  presence  often  being  indicated 
only  by  a  layer  of  pigment.  This  cleft  becomes  elliptical,  then 
more  or  less  circular,  and  finally  changes  to  a  vertical  or  dorso- 
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ventral  cleft.  These  changes  in  the  shape  of  the  central  canal 
suggest  a  migration  of  cells,  rather  than  a  disintegration  process 
or  a  splitting  apart  of  the  walls  as  a  result  of  pressure  from  the 
secretion  of  cerebro-spinal  fluid.  The  earliest  Squalus  series 
showed  an  elliptical  canal  with  its  longest  axis  horizontal,  this 
changed  to  circular,  and  Anally  to  the  so-called  typical  embryonic 
central  canal  (dorso-ventral  cleft  canal).  For  a  time  in  the 
medulla  of  Amblystoma  the  roof  plate  is  much  thicker  than  the 
floor  plate,  a  condition  which  can  be  attributed  to  the  presence 
of  a  number  of  neural  crest  cells  in  the  roof  plate,  easily  distin- 
guishable from  the  other  cells  by  their  large  size  and  spherical 
form.  After  the  neural  crest  cells  had  been  entirely  separated 
from  the  roof,  the  roof  and  floor  plates  are  found  to  be  about 
equally  thick.  The  same  thinning  out  of  the  roof  plate  occurs 
in  Squalus  in  part  through  the  giving  o£F  of  neural  crest  cells, 
which  in  this  species  are  indistinguishable  from  the  other  cells 
of  the  medulla.  It  is  evident  in  Amblystoma  (figs.  74  and  83, 
R.P.)  and  also  in  Squalus  that  the  roof  plate  of  the  medulla 
has  become  no  thinner  than  the  roof  plate  of  the  spinal  cord 
through  the  throwing  off  of  the  neural  crest  cells.  There  is  no 
evidence  that  the  roof  plate  in  the  medulla  is  rendered  any 
weaker  or  any  more  susceptible  to  expansion  than  is  that  of  the 
spinal  cord,  through  the  migration  of  ganglion  cells. 

Apparently  the  first  expansion  of  the  roof  plate  in  Ambly- 
stoma (fig.  74,  R.P.)  and  in  Squalus  is  produced  as  in  Fetro- 
myzon  by  an  outward  and  upward  migration  of  the  roof  plate 
cdls.  The  later,  more  pronounced  expansion  and  stretching  of 
the  roof  plate  can  also  be  ascribed,  as  in  Fetromyzon,  to  internal 
pressure  due  to  a  decided  increase  of  cerebro-spinal  fluid  (see 
fig.  72  for  Squalus  and  73  for  Necturus).  In  both  species  the 
dorsal  and  middle  portions  of  the  embryonic  central  canal  of  the 
spinal  cord  are  obUterated  by  an  inward  growth  of  the  lateral 
plates  through  an  addition  of  fibers.  Fressure  on  the  cerebro- 
spinal fluid  might  be  increased  from  that  source.  Also  a  similar 
effect  would  be  produced  through  a  marked  proliferation  of  fibers 
in  the  medial  and  ventral  portions  of  the  lateral  plates  of  the 
medulla,  which  brings  about  a  coalescence  of  the  ventral  por- 
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tions  of  the  lateral  plates  in  Squalus  (fig.  72,  C.C.C.)  similar 
to  the  condition  in  Petromyzon.  In  Necturus  (fig.  73)  and  in 
Amblystoma  the  roof  plates  are  expanded  to  such  an  extent  that 
no  fusion  of  the  lateral  plates  takes  place;  nevertheless,  the 
thickening  of  the  walls  tends  to  bring  about  a  reduction  in  the 
size  of  the  fourth  ventricle  and  consequent  pressure  on  the 
cerebro-spinal  fluid.  The  probability  of  a  decided  increase  of 
internal  pressure  from  the  cerebro-spinal  fluid  resulting  from  the 
reduction  in  caliber  of  the  embryonic  central  canal  of  the  spinal 
cord  by  at  least  two-thirds,  is  more  evident,  if  attention  is  directed 
to  the  fact  that  the  length  of  the  central  canal  of  the  spinal  cord 
is  fully  twenty  times  that  of  the  fourth  ventricle.  In  both 
forms  the  above  changes  took  place  before  the  blood  vessels  had 
reached  the  dorsal  surface  of  the  roof  plate  or  entered  the 
medulla.  A  median  sagittal  section  throu^  a  Squalus  ranbryo 
of  the  same  stage  as  figure  72  shows  that  no  pontine  flexure  has 
appeared. 

E.  Pig  errdnT/os.  For  making  observations  on  the  development 
of  the  tela  chorioidea  of  the  fourth  ventricle  in  mammals  the 
writer  had  access  to  a  very  complete  set  of  frontal  sections  of 
pig  embryos  from  a  stage  of  4  or  5  mm.  up  to  14  mm.  embryos. 

The  earliest  section  (fig.  75),  which  is  from  a  4  or  5  mm.  pig, 
discloses  that  the  fourth  ventricle  has  only  begun  to  expand. 
A  large  part  of  this  expansion  could  be  attributed  to  aH  outward 
and  upward  migration  of  the  roof  plate  cells,  and  a  part  to  in- 
ternal pressure  from  cerebro-spinal  fluid,  of  which  traces  are 
beginning  to  appear  as  a  coagulum  (S.C.F.).  It  should  be  noted 
that  the  first  blood  vessels  are  appearii^  above  the  basal  por- 
tions of  the  roof  plate,  while  none  have  at  this  stage  entered  the 
medulla.  Also  the  ependymal  cytoplasm  is  sufiSciently  granular 
to  suggest  a  secretory  process,  and  finally  the  roof  plate  has 
begun  to  expand  before  any  nerve  fibers  have  appeared  in  the 
marginal  layer. 

A  transverse  section  of  the  medulla  of  a  6  mm.  pig  (fig.  76) 
revealed  a  considerable  expansion  of  the  roof  plate  without  the 
aid  of  a  pontine  flexure.  It  is  apparent  that  an  increase  in  the 
amount  of  cerebro-spinal  fluid  is  the  main  factor  in  bringing 
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about  this  pronounced  expansion  of  the  roof  plate.  Since  the 
closure  of  the  dorsal  portion  of  the  embryonic  central  canal  of 
the  spinal  cord  occurs  much  later  in  embiyonic  life,  no  increase 
in  pressure  from  cerebro-spinal  fluid  could  take  place  from  that 
source.  Also  no  increase  was  shown  in  the  number  of  blood 
vessels  outside  the  roof  plate,  and  no  blood  vessels  had  entered 
the  medulla.  Consequently  the  only  means  of  an  increase  of 
cerebro-spinal  fluid  would  be  through  secretion  and  a  sUght 
infiltration  from  the  blood  vessels.  This  section  demonstrates 
very  strikingly,  even  more  so  than  figure  75,  that  the  roof  ex- 
pansion begins  very  early  in  the  development  of  the  pig's  medulla, 
as  is  evident  from  the  fact  that  nerve  fibers  have  only  begun 
to  appear  in  the  marginal  layer. 

Between  the  6  mm.  and  7  mm.  stages  there  occurs  a  marked 
increase  in  the  blood  vessels  in  the  mesenchyme  above  the  roof 
plate  and  a  few  blood  vessels  are  entering  the  substance  of  the 
medulla.  There  can  be  no  question  that  the  roof  plate  is  now 
an  efficient  oi^an  for  the  production  of  cerebro-spinal  fluid,  and 
there  is  a  noteworthy  increase  in  the  amount  of  coagulmn  in  the 
cavity  (figs.  75,  76,  and  77).  The  first  embryonic  cerebro-spinal 
fluid,  probably  a  mere  intercellular  fluid,  showed  little  or  no 
coagulum,  from  the  method  of  fixation  and  staining  used.  This 
may  indicate  a  relative  increase  of  the  elements  formed  by  secre- 
tion. Figure  77  shows  that  a  marked  expansion  of  the  roof 
plate  has  occurred  in  the  7  mm.  pig.  Since  the  7.5  and  8  nmi. 
pig  embryos  have  very  small  pontine  flexures,  it  is  evident  that 
this  pig  embryo  has  developed  a  well-expanded  roof  plate  and 
chorioid  plexus  without  the  influence  of  a  pontine  flexUre. 

The  roof  plate  in  the  10  mm.  pig  (fig.  78,  R.Ex.)  and  in  the 
14  mm.  pig  (figs.  79  and  80,  R.Ex.)  has  undergone  a  decided 
expansion,  especially  in  a  dorsal  direction.  This  final  expan- 
sion of  the  roof  plate  is  unquestionably  due  to  the  action  of  the 
pontine  flexure  upon  a  fourth  ventricle  filled  with  cerebro-spinal 
fluid  already  under  moderate  pressure.  It  would  have  been 
impossible  for  a  pontine  flexure  acting  alone  on  an  empty  fourth 
ventricle,  as  would  be  implied  from  His'  experiments  with  bend- 
ing an  empty  rubber  tube  slit  dorsally,  to  have  brought  about 


,d.y  Google 


'  SPINAL   CORD  AND   MEDULLA   OF   CYCLOSTOHEB  27 

the  dorsal  expansion  of  the  roof  plate  exhibited  in  figures  79  and 
80.  Apparently  this  expansion  of  the  roof  plate  in  the  pig  has 
been  gradual,  for  absolutely  no  stretching  of  the  roof  plate  has 
occurred,  except  in  one  place,  namely  in  its  central  anterior 
portion  (fig.  79). 

A  study  of  these  sections  has  disclosed  a  direct  relationship 
between  the  expansioD  of  the  roof  plate  and  the  amount  of  visi- 
ble coagulum  in  the  ventricle.  Since  coagulum  does  not  appear 
in  sections  of  the  early  fourth  ventricle,  but  does  appear  after 
the  tela  chorioidea  has  attained  the  function  of  producing  cerebro- 
spinal fluid  (as  is  indicated  by  its  vascularity  and  the  granular 
appearance  of  the  cells)  it  is  fair  to  assume  that  the  non-coagu- 
lable  cerebro-spinal  fluid  found  in  sections  of  the  early  embryos 
is  an  embryonic  cerebro-spinal  fluid,  which  differs  in  no  way 
from  the  ordinary  intercellular  fluid  of  other  tissues.  On  the 
other  hand,  the  coagulum  seen  in  sections  after  the  roof  plate 
has  reached  the  stage  of  a  functional  chorioid  plexus  is  evidence 
of  a  chemical  change  in  the  fluid,  which,  if  a  product  of  secre- 
tion, is  capable  of  exerting  considerable  internal  pressure  and 
consequent  expansion  of  the  roof  plate. 

It  is  apparent  that  the  greater  expansion  of  the  roof  plate  in 
the  pig  is  produced  by  the  same  factors  as  were  recorded  for 
Petromyzon,  namely,  an  early  migration  outward  of  the  roof 
plate  cells  followed  by  an  expansion  from  within  due  to  the  for- 
mation of  cerebro-spinal  fluid,  plus  the  action  of  a  conspicuous 
pontine  flexure  on  a  fourth  ventricle  filled  with  cerebro-spinal 
fluid  already  under  moderate  pressure. 

F.  Human  embryos.  For  this  study  an  8  and  a  15  mm.  trans- 
verse series  and  a  23  mm.  frontal  series  were  available.  These 
embryos  were  too  far  advanced  to  show  the  earliest  stages  of 
the  roof  expansion  of  the  fourth  ventricle.  If,  however,  the 
extreme  posterior  end  of  the  roof  plate  of  the  fourth  ventricle 
is  examined  in  the  23  mm.  embryo  (figs.  26  and  27,  R.Ex.),  in 
the  15  mm.  embryo  (figs.  28  and  29,  R.Ex.),  and  in  the  8  mm. 
embryo  (fig.  31,  R.Ex.),  which  represents  a  region  of  the  medulla 
little  affected  by  the  pontine  flexure,  it  is  apparent  that  the  roof 
expansion  was  caused  by  identically  the  same  factors  as  was 
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recorded  for  the  pig  embryos.  In  view  of  the  facts,  this  expla- 
nation of  the  formation  of  the  roof  expansion  seems  more  ten- 
able to  the  writer  than  to  attribute  all,  as  His  has  done,  to  the 
actiftn  of  a  pontine  flexure.  For  beyond  question,  a  considerable 
expansion  of  tlie  roof  plate  in  the  human  medulla  takes  place 
before  the  pontine  flexure  appears. 

2.  Description  of  three  roof  plate  expansions  of  the  spinal  cord  in 

the  SO  cm.  Polistotrema  series 

An  interestiiig  variation  (abnormality)  was  found  in  the  spinal 
cord  of  a  single  specimen  of  Polistotrema  (Bdellostoma),  other- 
wise unusual.  Certain  structures  appeared  in  the  roof  of  the 
cord  that  were  very  similar  to  the  tela  chorioidea  of  the  fourth 
ventricle,  and  will  be  described  because  of  the  light  that  they 
may  throw  on  the  origin  of  the  tela  chorioidea  of  the  fourth 
ventricle. 

What  has  been  designated  as  the  first  roof  plate  expansion  of 
the  20  cm.  Polistotrema  series  is  shown  in  the  photographs  of 
models  I  and  2  (figs.  1  and  2,  4  and  5,  R.Ex.)  to  be  an  immense 
outcropping  of  the  roof  plate  ependynia.  Most  unfortunately 
the  anterior  portion  of  this  specimen,  from  which  the  series 
through  the  tail  was  taken,  has  been  lost,  so  that  it  is  impossible 
to  state  how  much  further  cephalad  this  expansion  of  the  roof 
plate  extended,  or  whether  there  were  other  outcroppii^  of 
the  roof  plate  in  front  of  it  as  there  are  behind.  It  ap[)ear8  in 
the  first  model  (fig.  2,  R.Ex.)  and  in  the  first  transverse  section 
(fig.  10,  R.P.Ex.)  as  a  median  mass,  covering  about  one-half  of 
the  dorsal  surface  of  the  spinal  cord;  it  then  shifts  gradually 
over  to  the  right  side  (figs.  2  and  11);  then  gradually  attains  a 
median  position.  In  this  position  it  continues  as  far  as  the 
middle  of  model  2  (fig.  5),  covering  a  large  part  of  the  dorsal 
surface  of  the  spinal  cord. 

For  the  most  part  the  roof  plate  expansion  contains  a  cavity 
of  considerable  size,  which  is  shown  anteriorly  in  the  cast  (fig. 

3,  C.CEx.)  and  in  transverse  section  (figs.  10  to  12)  to  be  in 
direct  communication  below  with  the  central  canal.     Posteriorly 
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such  a  connection  is  wanting  (fig.  13).  The  fact  that  in  various 
places  (fig.  13)  there  is  more  or  less  of  a  string  of  ependymal 
cells  between  the  walls  of  the  central  canal  and  the  roof  plate 
expansion  suggests  that  in  a  more  embryonic  state  an  open  com- 
munication existed  between  the  roof  plate  cavity  and  the  central 
canal,  which  became  closed  in  the  region  of  the  posterior  end  of 
the  roof  expansion,  and  persisted  in  the  anterior  end.  Another 
variation  to  be  noted  in  the  cavity  of  the  posterior  end  of  the 
roof  plate  expansion  is  that  it  contains  numerous  islands  and 
promontories  of  ependymal  cells  and  connective  tissue,  shown 
as  white  spaces  in  figure  6.  These  probably  represent  portions 
of  the  roof  plate  that  have  not  been  completely  excavated  to 
form  a  continuous  cavity. 

Transverse  sections  11  to  13  show  the  cavity  of  this  first  roof 
plate  expansion  to  be  larger  than  the  fourth  ventricle  in  Polisto- 
trema  (figs.  64  to  66),  and  the  whole  structure  more  nearly 
resembles  a  typical  fourth  ventricle  than  does  the  fourth  ven- 
tricle itself  in  tills  animal.  For  the  most  part  the  walls  of  the 
roof  plate  consist  of  true  ependymal  cells,  differing  in  no  way 
from  those  surroundii^  the  central  canal,  except  for  their  shorter 
peripheral  processes.  Posteriorly  connective  tissue  takes  the 
place  of  many  of  these  cells.  One  of  these  cells  is  shown  in 
figure  13A  to  be  sufficiently  gruiular  to  suggest  a  secretory  func- 
tion. Everywhere  the  walls  of  both  the  roof  plate  and  the  cen- 
tral canal  are  very  vascular,  suggesting  a  modified  choroid 
plexus.  Figure  13A  will  demonstrate  the  ease  with  which  infil- 
tration and  diffusion  could  take  place  between  the  blood  vessels 
of  the  roof  plate  and  its  cavity.  In  figure  11  a  fold  of  the  roof 
expansion,  containing  a  blood  vessel,  will  be  seen  extending 
into  the  cavity,  and  about  it  there  is  collected  a  mass  of  coagu- 
lated cerebro-spinal  fluid  (S.C.F.). 

Of  still  greater  interest  are  the  two  posterior  outcroppings  of 
the  roof  plates,  designated  as  roof  plate  expansions  2  and  3 
(figs.  4  and  5,  R.Ex.  2  and  S),  Since  these  two  roof  plate  expan- 
sions are  considerably  smaller  than  the  first,  they  can  be  com- 
pared directly  with  the  roof  plate  of  the  rhombencephalon  of 
any  embryo. 
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The  so-called  second  roof  plate  expansion  appears  in  model 
2  (figs.  4  and  5,  R.Ex.  2)  immediately  behmd  the  first.  This  is 
a  much  sm&Iler  outcropping  of  the  roof  plate.  It  contains  a 
cavity  (figs.  16  and  17,  C.CExS),  which  spreads  out  a  little  lat- 
erally and  caudally,  and  communicates  below  with  the  central 
canal.  This  cavity  is  filled  with  a  fine  fibrillar  feltwork  that 
stains  deeply  with  orange  G,  and  which  for  the  most  part  is 
coagulated  cerebro-spinal  fluid.  The  ependeymal  walls  of  both 
the  roof  expansion  and  the  central  canal  are  sufficiently  vascular 
to  surest  that  we  have  here  as  in  the  previous  roof  expansion, 
a  modified  chorioid  plexus  which  is  producing  cerebro-spinal 
fluid. 

In  model  2  (figs.  4  and  5,  R.Ex.  3)  the  third  outcropping  of  the 
roof  plate  is  some  little  distance  behind  the  second,  about  equal- 
ing it  in  size.  This  roof  expansion  has  not  been  figured  in  trans- 
verse section,  but  from  an  examination  of  a  graphic  reconstruc- 
tion of  the  central  canal,  three  small  isolated  cavities  were  seen 
extending  in  a  cephalo-caudal  direction.  The  middle  cavity  was 
found  to  be  in  communication  below  with  the  central  canal.  It 
held  cerebro-spinal  fluid,  and  its  walls  apparently  functioned  in 
the  production  of  the  same. 

It  is  evident  that  these  three  expansions  of  the  roof  plate  are 
independent  of  one  another.  The  arrangement  of  the  three 
small  isolated  cavities  in  the  third  expansion  seems  to  be  an 
embryonic  condition,  and  suggests  that  the  larger  cavities  may 
have  been  produced  by  the  union  of  several  smaller  roof  expan- 
sions. It  may  be  supposed  that  these  expansions  were  formed 
by  the  multiplication  of  roof  plate  cells,  which  were  pushed  up 
in  solid  masses,  in  which  vacuolization  and  confluence  of  adja- 
cent cavities  produced  the  lai^er  cavities  seen  in  the  adult. 

It  is  of  interest  to  note  that  in  this  individual  a  posterior  sinus 
(fig.  20,  S.T.),  probably  representing  the  sinus  terminalis  of  a 
normal  individual,  was  isolated  by  the  complete  occlusion  of  the 
central  canal  by  ependymal  tissue.  The  ependyma  surrounding 
this  cavity  is  very  vascular,  and  the  cavity  is  distended  with 
cerebro-spinal  fluid.  This  sinus  is  much  larger  than  the  fourth 
ventricle  in  a  normal  individual. 
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When  the  roof  expansions  in  the  spinal  cord  of  this  series  of 
Polistotrema  are  compared  with  the  fourth  ventricle  of  the  higher 
vertebrate  embryos,  it  ie  evident  that  the  similarity  is  only  super- 
ficial, for  the  later  stages  in  the  medulla  oblongata  (action  of 
pontine  flexure  on  a  thin-roofed  neural  tube  full  of  cerebro-spinal 
fluid  under  moderate  pressure),  are  dependent  on  factors  which 
are  not  present  in  the  spinal  cord  of  Polistotrema.  The  extreme 
caudal  end  of  the  roof  plate  of  the  fourth  ventricle  in  the  higher 
vertebrates,  however,  has  not  been  affected  by  these  later  fac- 
tors, and  presents  a  condition  where  comparison  is  made  possible. 
From  a  comparison  of  the  roof  plate  expansion  in  the  23  mm. 
hxmian  embryo  (figs.  26  and  27,  R.Ex.),  in  the  15  mm.  human 
embryo  (figs.  28  and  29,  R.Ex.),  and  in  the  8  mm.  human  embryo 
(fig.  31,  R.Ex.)  with  the  second  roof  plate  expansion  of  the 
spinal  cord  in  the  20  cm.  Polistotrema  series  (figs.  4  and  5,  R. 
Ex.-2,  and  figa.  15  to  17,  R.P.Ex.  2)  and  with  the  third  roof  plate 
expansion  of  the  same  series  (figs.  4  and  5,  R.Ex.  S),  it  is  evident 
that  the  same  main  factor  is  present  in  all,  namely,  a  migration 
outward  and  upward  of  certain  roof  plate  ependymal  cells  to 
fonn  an  enlarged  dorsal  cavity.  In  each  case  the  purpose  of 
this  structure  is  to  form  an  organ  for  the  production  and  storing 
of  cerebro-spinal  fluid.  As  soon  as  these  structures  assumed 
the  function  of  infiltrating  and  secretory  organs  their  walls 
became  further  expanded  from  internal  pressure  of  the  cerebro- 
spinal fluid. 

Prom  a  review  of  the  early  steles  of  the  formation  of  the  roof 
expansion  in  mauj  the  pig,  Amblystoma,  Squalus,  and  Petro- 
myzon,  it  is  fair  to  assume  that  the  source  and  early  development 
of  the  roof  expansion  of  the  medulla  are  identical  to  the  three 
similar  roof  plate  expansions,  described  for  the  spinal  cord  of  a 
20  cm.  Polistotrema.  It  is  possible  that  both  had  their  phylo- 
genetic  anXage  as  mutations,  the  former  from  some  primitive 
vertebrate,  and  the  latter  from  a  normal  Polistotrema,  that  both 
were  useful  and  dominant  characters,  and  in  case  of  the  medulla, 
where  the  animal  was  allowed  to  reproduce,  this  character  became 
preserved  for  the  race. 
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CAUSES  UNDERLYING  THE  FLATTENING  OF  THE  SPINAL 
CORD  IN  CYCLOSTOMES 

If  our  attention  is  first  directed  to  a  transverse  section  through 
an  adult  Polistotrema  (figs.  10  and  71)  it  might  be  inferred,  since 
there  is  ample  room  in  the  membranous  neural  canal  for  a  well- 
rounded  spinal  cord,  that  the  flattening  of  the  spinal  cord  might 
be  attributed  entirely  to  internal  factors.  A  glance  at  a  trans- 
verse section  through  a  developing  Pohstotrema  spinal  cord 
(fig.  57)  suffices  to  show  that  there  is  proportionately  much  leas 
room  within  the  membranous  neural  canal,  and  that  a  mechani- 
cal force  in  the  form  of  a  rapidly  growing  notochord  is  at  work 
immediately  below  the  spinal  cord. 

At  the  outset  it  seems  advisable  to  establish  arbitrarily  a  typi- 
cal state  of  an  embryonic  spina!  cord,  by  which  a  direct  com- 
parison of  one  form  can  be  made  with  another.  The  examina- 
tion of  very  early  stages  of  the  spinal  cord  in  a  large  number  of 
embryos  of  Squalus,  Amblystoma,  the  chick,  and  the  pig,  in 
all  of  which  the  neural  tube  is  formed  by  the  rolling  up  of  the 
neural  plate,  shows  that  4^e  neural  tube  passes  through  tiiree 
stages:  a)  A  depressed  tube  with  the  central  canal  is  the  form 
of  a  horizontal  cleft;  b)  a  cylindrical  tube  with  the  canal  circu- 
lar in  cross  section;  and  c)  a  lateraUy  compressed  tube  with  the 
canal  in  the  form  of  a  vertical  cleft  (figs.  81  to  86).  The  exist- 
ence of  this  series  of  changes  in  Squalus  has  been  shown  in  a 
table  of  developmental  stages  compiled  by  Scammon.  The  third 
stage  may  be  selected  as  the  typical  embryonic  spinal  cord. 
This  st^e  is  reached  at  about  the  time  of  the  first  appearance 
of  nerve  fibers  in  the  marginal  layer. 

As  a  result  of  a  compuison  of  the  typical  embryonic  stages  of 
the  spinal  cord  in  the  following  transverse  sections*  (fig.  39  for 
Petromyzon,  fig.  55  for  Polistotrema,  fig.  81  for  Squalus,  fig. 
83  for  Amblystoma,  fig.  84  for  the  turtle,  fig.  85  for  the  chick, 
and  fig.  86  for  the  pig)  it  is  clear  that  we  have  all  gradations  from 

'  It  is  obviouB  that  this  comparison  would  have  no  value  uuleae  the  sectioiu 
were  truly  transverse  sections.  To  avoid  selecting  oblique  tranaverae  sections, 
these  figures  were  always  drawn  from  anterior  trunk  sections  if  the  embryo 
tihowed  any  flexuree. 


,d.y  Google 


SPINAL  CORD   AND   MEDfLLA   OF   CYCLOSTOMES  33 

the  nearly  cylindrical  spinal  cords  of  the  Cyclostomes  (Petro- 
myzon  and  Polistotrema)  to  the  very  much  compressed  (flat- 
tened laterally)  cords  of  the  chick  and  pig.  Were  it  not  for  the 
intermediate  stages  of  Amblystoma  and  the  turtle  we  might  be 
justified  in  establishing  two  distinct  types  of  the  embryonic 
spinal  cord:  type  1  cylindrical,  and  type  2  compressed.  We 
could  even  go  further  and  classify  the  Cyclostome  embryonic 
cord  under  type  1  and  the  Gnathostome  cord  under  type  2. 

While  the  equal  expansion  of  the  spinal  cord  through  the  addi- 
tion of  nerve  cells  and  fibers  to  the  typical  embryonic  st^e  in 
the  pig  would  tend  to  produce  a  cylindrical  spinal  cord,  and  in 
the  Cyclostome  would  tend  to  produce  a  depressed  cord,  the 
internal  structure  shows  that  the  origin  of  .the  differences  between 
the  spinal  cord  of  a  Cyclostome  and  a  mammal  is  not  so  simple. 
The  neural  axis  of  Petromyzon  in  an  early  stage,  corresponding 
to  stage  (a)  above,  is  decidedly  compressed  instead  of  depressed. 
The  problem  then  is  to  explain  the  change  from  a  laterally  com- 
pressed cord  in  the  early  Petromyzon  embryos  to  the  gradually 
depressed,  ribbon-like,  spinal  cord  of  the  adult. 

A  careful  examination  of  figures  55  to  57,  which  are  taken  from 
practically  the  same  region  from  three  different  Polistotrema 
embryos,  shows  very  clearly  that  the  growing  notochord  is 
bringing  about  the  marked  flattening  (depression)  and  ventral 
indenting  of  the  spinal  cord.  In  connection  with  figure  55  it 
should  be  noted  that  the  spinal  cord  is  in  the  so-called  typical 
embryonic  stage,  and  amid  surroundings  peculiarly  favorable  for 
undergoing  a  depression  from  a  rapidly  growing  notochord.  It 
will  be  seen  that  the  spinal  cord  is  closely  enveloped  by  a  men- 
ingeal membrane  {P.M.),  approximating  a  layer  of  connective 
tissue,  the  future  membranous  neural  arch,  which  is  firmly  at- 
tached below  to  the  growing  notochord.  Directly  above,  the 
mesenchyme  is  proliferating  and  migrating  toward  the  center 
to  fonn  a  median  dorsal  cartilage  (M.D.C.) ;  while  there  is  appar- 
ently but  little  lateral  resistance  in  the  way  of  massing  of  mesen- 
chyme and  the  formation  of  myotomes,  In  a  somewhat  later 
sti^e  (fig.  56)  some  growth  has  taken  place  in  the  notochord. 
producing  a  slight  indentation  on  the  spinal  cord.     In  a  much 
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later  stage  (fig.  57)  a  median  dorsal  cartilage  has  been  formed. 
The  much  stronger  membranous  neural  arches  are  firmly  attached 
above  to  this  dorsal  cartilage  and  below  to  the  notochord.  The 
soft  plastic  spinal  cord  is  thus  closely  confined  by  the  dorsal 
cartilage  above  and  less  closely  by  the  neural  arches  laterally. 
The  notochord  beneath  it  has  grown  very  rapidly  and  its  enor- 
mous increase  in  size  has  brought  about  a  decided  fiattening 
(depression)  of  the  spinal  cord  and  indentation  of  its  ventral 
surface. 

It  is  equally  clear  in  Petromyzon  also  that  the  growing  noto- 
chord is  to  be  looked  upon  as  a  direct  cause  for  bringing  about 
the  flattening  of  the  spinal  cord.  The  external  conditions  sur- 
rounding the  spinal  cord  are  shown  in  figure  58  to  be  equally 
favorable  for  assisting  the  notochord  in  this  process,  with  the 
possible  exception  that  the  membranous  neural  arch  is  attached 
above  to  a  membranous  neural  spine  instead  of  a  cartilage,  which, 
however,  may  be  compensated  for  by  an  increased  dorsal  growth 
of  the  myotomes. 

The  hypothesis  that  the  flattening  of  the  spinal  oord  in  Cyclo- 
stomes  is  largely  brought  about  by  the  upward  growth  of  the 
notochord  after  the  manner  set  forth  in  the  previous  par^raph 
IB  considerably  strengthened  by  the  fact  that  a  certain  relation- 
ship exists  between  the  size  of  the  notochord  and  the  amount 
of  flattening  of  the  spinal  cord. 

This  is  clear  in  the  20  cm.  Polistotrema  series  from  sections 
of  the  posterior  end  of  the  spinal  cord  (figs.  19,  21,  and  22)  and 
from  the  photographs  of  the  model  of  the  same  region  (figs.  7 
to  9) ;  the  flattening  (depression)  of  the  spinal  cord  becoming 
less  evident  as  the  notochord  decreases  in  size.  More  striking 
is  a  similar  relationship  shown  in  the  tail  region  of  the  70  mm. 
Polistotrema  (figs.  59  and  60)  for  the  reason  that  these  two  sec- 
tions were  only  one-fourth  of  a  millimeter  apart.  The  above 
relationship  between  the  size  of  the  notochord  and  the  depres- 
sion of  the  spinal  cord  can  be  demonstrated  fully  as  conclu- 
sively in  the  medulla  region  (see  figs.  61  and  62).  It  should  be 
recorded  for  these  two  sections  that  their  structure  is  the  same 
as  that  of  the  spinal  cord  and  that  they  are  less  than  one-half 
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a  millimeter  apart.  Also  the  same  relationahip  could  be  shown 
in  sections  anterior  to  figure  62,  and  from  similar  sections  of  a 
Petromyzon  larva.  A  possible  objection  to  applying  this  argu- 
ment in  the  tail  region  might  arise  from  the  fact  that  the  extreme 
posterior  end  of  the  spinal  cord  is  non-nervous,  consisting  en- 
tirely of  ependyma  and  undifferentiated  embryonic  cells.  In 
reply  to  this  we  would  invite  comparison  of  figures  21  and  22, 
where  the  structure  is  non-nervous  in  both  cases,  and  where  the 
effect  of  the  notochord  is  obvious. 

That  the  spinal  cord  of  the  higher  vertebrates  has  not  been 
depressed  by  pressure  from  the  notochord  is  due  obviously  to 
the  fact  that  the  notochord  Is  an  embryonic  structure,  which 
never  attains  sufficient  size  to  have  any  influence  on  the  spinal 
cord.  This  is  clear  from  figures  85  and  86.  In  Cyclostomes, 
however,  the  notochord  is  a  very  important  structure,  develops 
early  and  grows  for  a  long  period  of  time,  and  serves  as  the 
skeletal  axis  of  the  adult.  In  fishes,  Amphibia,  and  reptiles  the 
growing  notochord  may  have  some  slight  effect  in  flattening  of 
the  adult  spinal  cord.  In  Amphioxus  the  ventral  surface  of  the 
spinal  cord  clearly  shows  the  indenting  effect  of  the  growing 
notochord  (fig.  70),  and  in  the  trunk  region  where  the  diameter 
of  the  notochord  is  greatest,  the  spinal  cord  is  most  depressed. 

GENERAL  CONSIDERATIONS  AND  SUMMARY 

From  the  foregoing  facts  the  following  conclusions  seem  fully 
warranted : 

1)  In  the  development  of  the  roof  plate  expansion  (tela 
chorioidea)  in  the  medulla  oblongata  of  most  vertebrates  three 
separate  stages  or  epochs  of  expansion  should  be  recognized;  a) 
A  first  enlargement  of  the  dorsal  portion  of  the  embryonic  cen- 
tral canal  took  place  from  a  migration  outward  and  upward  of 
certain  of  the  roof  plate  cells,  or  as  was  the  case  in  Petromyzon 
from  the  migration  of  the  nuclei  and  probable  disintegration  of 
the  cytoplasm,  b)  The  second  stage  in  the  expansion  of  the 
roof  plate  was  the  direct  result  of  an  increase  of  pressure  from 
the  cerebro-spinal  fluid,  produced  from  at  least  two  possible 
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sources.  First  in  the  lower  vertebrates,  as  a  consequence  of  con- 
siderable embryonic  cerebro-spinal  fluid  being  forced  into  the 
fourth  ventricle  from  the  closure  of  the  dorsal  and  central  por- 
tions of  the  embryonic  central  canal  in  the  spinal  cord  and  the 
ventral  portion  of  the  embryonic  central  canal  in  the  medulla, 
through  the, union  and  fusion  of  the  corresponding  portions  of 
the  lateral  plates.  Second,  in  all  vertebrates,  through  the  pro- 
duction of  cerebro-spinal  fluid  by  the  walls  of  the  fourth  ventricle 
assuming  the  r6le  of  infiltration,  diffusion  and  secretion.  That 
the  ventral  portion  of  the  embryonic  central  canal  of  the  spinal 
cord  was  not  expanded  by  the  same  cause  is  explained  by  the 
fact  that  it  was  reinforced  at  a  very  early  stage  by  nerve  fibers 
and  supported  by  a  growing  notochord.  c)  A  third  and  final 
stage  in  the  expansion  of  the  roof  plate  in  the  higher  vertebrates 
was  brought  about  by  the  appearance  of  a  pontine  flexure  acting 
on  a  thin-roofed  medulla  filled  with  cerebro-spinal  fluid,  itself 
under  moderate  pressure, 

2)  It  is  the  opinion  of  the  writer  that  the  most  important 
factors  in  bringing  about  the  expansion  of  the  roof  plate  of  the 
medulla  are  those  concerned  in  the  second  stage  described  above. 
For  a  considerable  period  of  time  these  factors  apparently  work 
in  conjunction  with  the  forces  of  the  first  stage  in  resisting  counter 
ingrowths  of  the  lateral  plates  which  would  tend  to  close  up  the 
central  canal.  Since  it  was  shown  that  no  pontine  flexure  oc- 
cured  in  Petromyzon,  it  can  be  concluded  that  the  rather  exten- 
sive expansion  of  the  roof  plate  in  the  medulla  of  this  genus  was 
accomplished  solely  through  the  factors  entering  into  the  first 
and  second  stages.  For  the  second  stage  it  was  recorded  in 
most  cases,  especially  well  shown  in  the  pig,  that  the  size  of  the 
fourth  ventricle  and  the  expansion  of  its  roof  plate  bear  a  close 
relationship  to  the  amount  of  coagulum  seen  in  sections.  Since 
this  coagulum  did  not  appear  in  sections  until  after  the  roof 
plate  had  attained  the  function  of  producing  cerebro-spinal  fluid, 
it  probably  indicates  a  chemical  change  in  the  cerebro-spinal 
fluid,  the  products  of  secretion  now  being  added  to  the  tissue 
fluids  which  entered  the  ventricle  by  infiltration.  As  a  product 
of  secretion,  the  cerebro-spinal  fluid  would  be  capable  of  exerting 
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considerable  pressure  on  the  thin  and  plastic  roof  plate.  The 
tela  chorioidea  is  differentiated  as  an  organ  for  the  production 
of  cerabro-spinal  fluid  before  blood  vessels  have  entered  the 
central  nervous  system,  at  a  time  when  the  nutritive  function 
of  this  fluid  is  important. 

3)  The  appearance  of  a  third  stage  in  the  roof  expansion  of 
the  medulla,  due  to  a  pontine  flexure,  is  of  little  significance 
save  in  the  higher  vertebrates,  where  it  was  held  that  without 
cerebro-spinai  fluid  confined  in  the  ventricle  there  would  be  no 
reason  for  maintaining  that  a  further  expansion  of  the  roof  plate 
would  take  place  from  the  action  of  a  pontine  flexure;  more  than 
likely,  the  roof  plate  would  have  been  folded  up  within  the  ven- 
tricle. In  His'  experiment  with  the  bending  upward  of  a  dor- 
sally-slit  piece  of  rubber  tubing,  the  elasticity  of  the  rubber 
tubing,  which  forced  apart  the  cut  surfaces,  would  be  comparable 
to  the  action  of  the  cerebro-spiual  fluid  under  moderate  pressure 
within  the  ventricle,  which  factor  His  has  apparently  disregarded. 

4)  In  the  adult  Amphioxus  there  is  nothing  which  for  a  cer- 
tainty could  be  homologized  to  the  fourth  ventricle  and  its  ex- 
panded roof  plate.  Two  isolated  cavities  in  the  region  of  the 
roof  plate,  which  might  be  taken  for  the  anlage  of  the  fourth 
ventricle,  appear  to  the  writer  to  be  nothing  more  than  vestiges 
of  a  much  larger  embryonic  central  canal.  If  Amphioxus  pos- 
sesses no  fourth  ventricle  in  the  adult  we  may  safely  conjecture 
that  more  primitive  vertebrates  had  a  central  nervous  system 
in  which  there  was  no  distinction  between  medulla  and  spinal 
cord. 

5)  In  an  attempt  to  trace  the  phylogenetic  history  of  the  roof 
expansion  of  the  fourth  ventricle  in  living  vertebrates,  the  pecu- 
liar modification  of  the  fourth  ventricle  in  the  adult  Polistotrema 
(Bdellostoma)  should  be  recorded  here  even  though  it  has  been 
accurately  described  by  Sanders,  Holm,  Miss  Worthington, 
Sterzi,  Cole,  and  Nicholls.  From  the  adult  it  is  evident  that  the 
well-formed  fourth  ventricle  of  the  embryo  has  become  trans- 
formed through  a  process  of  centralization  to  a  deep-seated  canal, 
for  the  most  part  no  larger  than  the  central  canal  of  the  spinal 
cord.     Of  especial  interest  is  the  fact  that  its  anterior  and  pos- 
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terior  portions  has  developed  into  specialized  oi^ans  for  the  pro- 
duction of  cerebro-spiual  fiuid.  Notwithstanding  this  speciali- 
zation, the  fourth  ventricle  is  thought  to  be  decidedly  inferior 
to  the  tela  chorioidea  of  Petromyzon  as  an  oi^an  for  the  produc- 
tion of  cerebro-spinal  fluid. 

6)  In  the  spinal  cord  of  one  individual  of  Polistotrema  there 
occurred  at  least  three  expansions  of  the  roof  plate  which  re- 
semble the  roof  of  the  fourth  ventricle  in  other  vertebrates. 
From  the  fact  that  these  expansions  were  very  vascular  and 
their  cells  granular  it  is  inferred  that  they  functioned  as  cho- 
roid plexuses  for  the  formation  of  cerebro-spinal  fluid.  The 
writer  presents  the  hypothesis  that  the  fourth  ventricle  in  ances- 
tral vertebrates  may  have  originated  as  a  mutation,  similar  to 
this  sport  plexus  in  the  spinal  cord  of  Polistotrema;  that  such 
sport  expansions  may  have  occurred  at  various  places  such  as 
the  diencephalic  segment,  the  roof  of  the  mesencephalon  where 
a  choroid  plexus  still  exists  in  Petromyzon,  and  in  the  hind 
brain  and  spinal  cord.  Such  mutations,  provii^  to  be  useful 
have  been  preserved  in  the  vertebrate  race. 

Concerning  the  flattening  of  the  spinal  cord  in  Cyclostomes 

7)  A  great  variation  in  the  shape  of  the  so-called  typical 
embryonic  spinal  cord  is  to  be  recorded.  In  Petromyzon  it  was 
found  to  be  nearly  cyhndrical,  to  be  moderately  compressed  in 
Squalus,  Amblystoma,  and  in  the  turtle,  and  decidedly  com- 
pressed in  the  chick  and  the  pig. 

8)  To  obtain  this  typical  stage  the  original  compressed  spinal 
cord  of  Petromyzon  must  have  undergone  a  marked  depression, 
and  the  early  depressed  neural  tubes  of  Squalus,  Amblystoma, 
turtle,  chick,  and  pig  must  have  undei^one  a  decided  com- 
pression. The  main  factor  causing  this  depression  in  the  former 
was  thought  to  be  ventral  pressure  from  a  growtog  notochord, 
and  the  compression  of  the  latter  was  attributed  to  lateral  pres- 
sure from  the  growing  myotomes. 

9)  Transverse  sections  immediately  before  and  during  the  time 
that  the  greatest  depression  of  the  spinal  cord  is  taking  place 
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in  Polistotrema  and  Petromyzon  show  conclusively  that  the 
main  factor  involved  is  the  pronounced  growth  of  the  notochord. 
It  was  further  estabhshed  that  the  embryonic  spinal  cord  was 
not  only  in  a  very  plastic  condition,  but  that  the  general  environ- 
ment was  decidedly  favorable  for  bringing  about  a  depression 
of  the  spinal  cord  through  this  agency. 

10)  The  conclusions  outlined  in  (9)  were  considerably  strength- 
ened by  the  fact  that  a  direct  relationship  was  established,  in 
both  the  medulla  and  tail  region,  between  the  size  of  the-noto- 
chord  and  the  amount  of  depression  exhibited  in  the  spinal  cord. 
This  was  shown  in  late  embryos  in  both  Polistotrema  and  Petro- 
myzon, aod  in  adult  Polistotrema. 

11)  That  a  similar  depression  did  not  take  place  in  the  higher 
vertebrates  from  a  growing  notochord  was  explained  by  the 
fact  that  the  notochord  is  relatively  a  transitory  and  insignificant 
structure;  while  in  the  Cyclostomes  it  is  not  only  formed  early 
in  embryonic  life,  but  grows  rapidly  and  continuously. 
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EXPLANATION   OF   FIGURES 

1  to  9  represent  photographs  from  models  of  the  extreme  posterior  end  of 
the  spinal  cord  from  a  20  cm.  Polistotrema  (Bdellostoma),  illustrating  a  series 
of  three  cxtensionn  of  the  ccntriLl  canal  into  roof  plate  expanaions.  These  models 
were  prepared  at  a  magnifieation  of  100  diameters,  and  were  reduced  one-half 
in  photoKraphinfc.  In  a  few  cases  where  ccrtaia  outlines  were  somewhat  tndiatini^t 
in  the  photographs  they  were  t^trcngthened  with  pen  and  ink.  The  roof  plate 
expansions  in  these  models  were  painted  lighter  and  appear  the  same  in  the 
photographs.  Except  at  the  posterior  end  of  the  last  model,  all  of  the  models 
of  the  spinal  cord  exhibit  a  marked  depression  and  in  ventral  views  they  show 
a  pronounced  indentation  at  the  center  immediately  above  the  notochord.  As 
indicated  by  an  arrow,  the  caudal  direction  in  figures  1  to  3  is  t-oward  the  left; 
while  in  figures  4  to  9  it  is  toward  the  right. 

1  The  most  anterior  of  the  four  models  seen  from  the  right  side.  It  includes 
a  distance  of  about  two  segments.  Observe  that  the  roof  plate  expansion,  which 
covers  a  large  portion  of  the  dorsal  surface  of  the  spinal  eord,  is  rather  low.  It 
is  not  known  where  it  begins,  or  whether  there  arc  other  outcroppings  in  front  of 
it  as  there  are  behind.  It  extends  caudad  some  tittle  distance  on  this  model. 
On  the  dorsal  surface  of  the  cord  one  dorsal  or  sensory  root  is  shown,  and  on  the 
ventral  side  one  ventral  root  is  seen  in  entirety,  being  composed  of  several  root- 
lets.    X  50. 

2  Dorsal  viewof  the  same  model  sliuwii  in  figure  1,  seen  from  above.  Note  that 
the  roof  expansion  covers  a  large  portion  of  the  spinal  cord.  At  the  anterior  end 
it  occupies  a  large  central  portion,  then  becomes  gradually  smaller,  and  at  the 
same  time  is  confined  largely  to  the  left  side,  after  which  it  gradually  increases 
in  size  until  the  posterior  end  of  the  model  is  reached,  where  it  is  decidedly  wider 
than  at  the  anterior  end,  and  extends  farther  over  to  the  right  side  than  to  the 
left.    X  50. 

3  Ventral  viewof  the  cast  of  the  central  canal  and  extension  of  thesameupand 
out  into  the  roof  expansion  of  the  same  region  of  the  cord  as  is  shown  in  figures 
1  and  2,  It  will  be  seen  that  the  central  canal  and  cavity  of  the  roof  plate  expan- 
sion are  connected  throughout.  In  certain  places  on  the  right  side,  shown  in 
white,  the  roof  plate  is  solid,  consisting  of  ependj^nal  and  connective  tissue  in 
place  of  a  cavity.  For  some  distance  posteriorly  on  the  right  side,  where  the  roof 
expansion  is  widest,  there  is  no  cavity  in  the  roof  expansion.  The  knob-like 
projections  from  the  right  side  of  the  cast  of  the  central  canal  represent  diver- 
ticula, and  in  sections  through  such  a  region  there  would  appear  to  be  two  central 
canals.     X  50. 


C.C,  central  canul  or  cast  of  the  same  MM.,   motor  or  ventral  spinal   i 

C.C.Ei.,  central  canal  extension   into  root 

roof  plate  expansion  or  cast  of  the  R.Ez.,  roof  plate  expansion 

same  .S.A.,   sensory   or  dorsal   spinal   i 
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4  Lateral  view  of  the  left  aide  of  the  second  model  of  the  Polietolrema  apiiul 
cord,  which  should  follow  figure  1.  Observe  the  continuation  of  the  first  roof 
plate  expansion  noted  in  figure  1  and  two  additional  outcroppings  of  the  roof 
plate  (fi.  Ex.  i  and  3) .  Between  these  outcroppings  the  spinal  cord  is  perfectly 
normal.     Three  motor  and  sensory  roots  are  shown  in  the  figure.     X  50. 

5  Dorsal  photograph  of  the  same  model  aa  figure  4.  The  extent  and  poai- 
tioQs  of  the  three  roof  plate  outcroppings  previously  mentioned  in  the  description 
of  figure  4  are  well  portrayed  here,  as  are  also  the  sensory  roots.     X  50. 

6  Dorsal  view  of  a  cast  of  the  more  caudal  portion  of  the  central  canal  and 
cavity  of  the  first  roof  plate  expansion.  This  cast  differs  from  the  more  anterior 
cast  in  that  there  are  no  connections  between  the  central  canal  and  the  cavity 
of  the  roof  expansion.  Evidence  from  transverse  sections  Favors  the  view  that 
a  connection  once  existed,  which  has  been  cut  off  in  later  development.  In  the 
two  posterior  outcroppings  of  the  roof  plate  there  is  a  connection  between  the 
central  canal  and  the  cavity  of  the  roof  expansion.  The  light  places  in  the  photo- 
graph are  indicative  of  places  in  the  roof  expansion  where  it  is  solid  and  con- 
tains no  cavity.  They  are  more  numerous  and  decidedly  larger  than  was  shown 
in  the  more  anterior  model  (fig.  3).     X  50. 

Between  models  2  and  4  (figs.  4  and  7)  comes  model  3,  the  photograph  of  which 
has  not  been  included  as  a  figure.  It  is  about  equal  in  length  to  models  2  and  4, 
simply  connecting  the  two,  without  presenting  any  peculiarities  in  roof  plate 
expanaion,  etc. 


M.R.,  motor  or  ventral  spinal  nerve  R.Ex.l,^),   third  roof  plate  cxpai 

root  in  the  Polistotrema  cord 

R.Ex.,  roof  plate  expansion  S.R.,  sensory  or  dorsal  spinal  : 

R.Ex.{2),  aecond  roof  plate  expansion  root 
in  the  Polistotrema  cord 
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7,  8,  tind  0  represent  lateral,  doraal,  and  ventral  pbotographa  of  the  fourth 
model,  which  includes  the  extreme  posterior  end  of  the  spinal  cord.  Note  es- 
pecially the  swelling  above  and  below  (S.T.)  caused  probably  by  an  abnormal 
ainus  terminalia.  From  this  point  caudad  two  factors  occur,  which  may  greatly 
modify  thf  shape  of  the  spinal  cord.  First,  the  aotochord  gradually  decreases 
in  caliber  and  ends  at  (Nc.l);  second,  the  spinal  cord  has  not  developed  a  nervous 
structure,  consisting  solely  of  ependyma  and  romid  undifferentiated  embryonic 
cells.  As  a  result  the  spinal  cord  will  be  seen  to  gradually  become  rounded, 
and  after  extending  past  the  notochord  it  ends  in  doraal  and  ventral  processes 
that  become  lost  in  the  surrounding  connective  tissue.  The  posterior  motor 
roots  exhibit  a  reduction  in  the  number  of  rootlets,  and  they  approximate  each 
other  more  closely.  The  posterior  sensory  roots  become  greatly  reduced  in  siie, 
and  thi;  last  left  one  has  no  corre.iponding  roots  on  the  opposite  side.     X  50. 


.V.R.(l),  last  motor  or  vontral  spinal  S.R.   (1),   last  sensory  or  dorsal  epinal 

nerve  root  nerve  root 

Nc.  (I),  posterior  end  of  Polistotrema  S.T.,  sinus  terminalis 

notochord  shown  in  model 

PLATE  4 

EXPLANATION   OF   FlUtlRBS 

10  to  23,  show  14  transverse  sections  through  the  posterior  spinal  cord  region 
of  a  20  cm.  Polistotrema  (Bdellostoma),  the  same  as  was  modelled  and  shown  in 
figures  1  to  0.  The  outlines  were  all  drawn  with  the  aid  of  a  Leitz-Edinger  draw- 
ing apparatus,  using  a  magnification  of  140  diameters  and  were  reduced  one- 
half  in  reproduction.  They  are  numbered  consecutively  from  anterior  to  posterior. 
Figures  10  to  14  pass  through  what  has  been  designated  as  the  first  roof  plate 
expansion;  figures  15  to  17  through  the  second  roof  plate  expansion;  figure  20 
through  the  abnormal  sinus  terminalis;  and  figures  21  to  23  at  various  intervals 
through  the  extreme  posterior  end  of  the  spinal  cord,  which  has  failed  to  develop 
any  nervous  structures,  and  has  not  to  any  extent  been  flattened  in  its  develop- 
ment by  the  growth  of  the  notochord.  The  enormous  concavity  seen  on  the  ven- 
tral surface  of  spinal  cord  in  figures  11  to  14  is  to  a  large  extent  an  artifact  due  to 
the  preparation  of  the  series.  It  should  be  noted  that  the  cavities  of  the  roof 
plate  expansions  are  full  of  a  fibrillar  feltwork,  for  the  most  part  coagulated 
cerebro-spinal  fluid,  that  their  walls  are  moderately  expanded  by  it.  and  their 
cells  are  sufficiently  granular  to  suggest  a  secretary  function. 

10  is  from  the  most  anterior  section  of  this  series.  The  entire  neural  arch, 
median  dorsal  cartilaginous  bar,  and  a  portion  of  the  notochord  are  included  in 
this  figure.  The  so-called  first  roof  plate  expansion  covers  a  large  area  of  the 
central  portion  of  the  spinal  cord;  its  cavity  is  in  communication  with  the  een 
tral  canal.  The  ependymal  walla  of  both  the  cavity  and  central  canal  are  com- 
posed of  several  layers  of  ceils.  Motor  roots,  motor  cells,  substantia  gelatinosa 
cells,  and  blood  vessels  are  to  be  seen  in  transverse  seclion.  X  70. 
{Conlinufil  nii  /mge  SO) 
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11  A  Uftasverse  aectioD  taken  840  microns  behind  figure  10.  It  would  pass 
through  about  the  center  ot  thefirst  mode!  (figs,  land  2).  Note  that  the  roofei- 
pansioQ,  while  containing  an  enormous  cavity,  is  confined  almost  entirely  to  the 
right  side.  It  is  decidedly  suggestive  oF  a,  chorioid  plexus  forming  cerebro- 
spinal fluid.  A  blood  vessel  lies  in  a  fold  in  its  wall  and  about  thia  fold  there  is 
a  great  mass  of  coagulum.  Throughout  the  first  roof  plute  expansion,  the  cav- 
ity, and  in  many  places  the  central  canal  itself,  is  larger  than  either  the  third 
or  the  fourth  ventricle.     X  70. 

12  Frgm  a  section  645  microns  behind  figure  11,  and  not  far  from  thecaudal 
end  of  the  first  model  (figs.  1  and  2).  At  this  point  the  first  roof  pl&te  expansion 
and  its  enclosed  cavity  attain  their  greatest  width,  which  cavity  is  broadly  con- 
nected with  the  central  canal.     X  70. 

13  Transverse  sectionSOmicrons  behind  figurel2  and  at  the  very  beginning  of 
model  2  (figs.  4  and  5).  Thedorsaiwallof  thefirst  roof  expansion  is  very  wide  and 
extremely  vascular,  and  the  convexity  of  its  walls  and  the  arch  of  the  cavity  bear 
evidence  of  moderate  internal  pressure  from  cerebro-spinal  fiuid.  The  wall, 
while  still  quite  thick,  contains  a  lesser  number  of  ependymal  cells,  but  more 
connective  tissue.  Note  especially  the  absence  of  any  direct  connection  between 
the  cavity  of  the  roof  expansion  and  the  central  canal.  A  chain  of  ependymal 
cells  still  connects  the  two,  and  may  be  indicative  of  a  former  embryonic  con- 
nection that  has  been  lost.  From  this  region,  caudad,  there  is  no  communica- 
tion between  the  cavity  of  the  roof  expansion  and  the  central  canal.  That  a 
former  connection  occurred  may  be  indicated  by  the  fact  that  at  various  inter- 
vals ependymal  cells  are  scattered  between  the  two.  A  sensory  root  can  be  seen 
sending  its  fibers  inward  toward  what  is  believed  to  be  the  substantia  gelatinosa. 
X  70. 

13  A,  represents  a  small  portion  of  the  first  roof  plate  expansion  and  its  in- 
closed cavity  from  a  section  taken  410  microns  behind  figure  13.  Observe  es- 
pecially the  rich  blood  supply  for  the  dorsal  wall  and  the  ease  by  which  diffusion 
could  take  place  between  a  blood  vessel  and  the  cavity.  A  large  roof  plate  cell 
is  drawn  separately,  highly  magnified,  directly  to  the  left  of  13  A.  Note  the 
fine  granules  in  cytoplasm,  which  gives  evidence  of  being  secretory.     X    125. 


B.V.,  biood  vessel 
C.C.,  central  canal 
C.C.Ez.,   central  canai  extension  inl 

roof  plate  expansion 
Bp.N.,  layer  ot  ependymal  nuclei 
U.C,  motor  or  effective  cells 
M.D.C.,    median   dorsal   cartilaginoi 

M.F.,  Miillcrian  or  giant  fiber 
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M.R.,   motor  or  ventral  spinal   nerve 

.V.^.,  membranous' neural  arch 
iV.C,  notochord 
R.P.Bx.,  roof  plate  expansion 
S.C.F.,   cerebro-spinal   fluid 

H.G.,  substantia  gelatinosa 

SM.,   sensory   or  dorsal   spinal    nerve 
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14  From  a  transverse  section  taken  19  microns  behind  figure  13A.  Itrepre- 
sents  a  condition  found  throughout  the  entire  posterior  end  of  the  first  roof 
expansion,  where  a  series  a!  cavities  are  connected  with  one  another.  A  motor 
root  ie  seen  isBUing  from  the  cord.     X  70. 

15  to  17  Three  transverse  sectians,  anterior,  middle,  and  posterior  through 
what  has  been  designated  as  the  second  outcropping  of  the  roof  plate,  which 
in  model  2  (figs.  4  and  5)  appears  immediately  behind  the  first  roof  expansion 
already  figured.  In  figure  15,  which  is  through  the  anterior  end  of  this  roof 
plate  expansion,  the  outcropping  is  one  of  cells  only.  In  figure  16  a  distinct  cav- 
ity containing  coagulum  is  visible,  connected  below  with  the  central  canal.  Ob- 
serve the  vascularity  of  its  walls,  of  the  ependyma  surrounding  the  central  canai 
and  the  diverticula  of  the  same,  which  doubtless  serve  as  a  modified  chorioid 
plexus  for  producing  cerebro-spinal  fluid.  In  figure  17,  which  is  through  the 
posterior  end  of  the  roof  expansion,  a  cavity  is  still  present.  Its  walls,  which 
are  mainly  connective  tissue,  are  rich  in  blood  vessels.  A  few  scattered  ependy- 
mai  cells  and  fibers  represent  a  possible  connection  with  the  central  canal.  .\ 
third  outcropping  of  the  roof  plate  has  been  described,  but  not  figured  in  trans- 
verse section.  It  is  located  behind  the  second  expansion,  and  the  fact  that  no 
ependymal  cells  are  encountered  between  the  first  and  the  second,  and  the  second 
and  third  roof  expansions,  except  immediately  surrounding  the  central  canal, 
favors  the  view  that  these  separate  outcropplngs  of  the  roof  plate  in  the  adull 
were  never  connected  in  an  embryonic  state.     X  70. 

18  and  19  Two  sections  some  distance  caudad  of  figure  17  and  some  little 
distance  apart.  They  show  the  spinal  cord  to  be  perfectly  normal,  but  to  be 
gradually  tapering  down  in  siie.  Figure  18  is  from  that  part  of  the  cord  repre- 
8ent«d  by  model  3.  The  ependymal  ares  in  the  center  has  maintained  its  origi- 
nal size,  the  reduction  that  has  occurred  in  size  is  to  be  found  in  the  oervouK 
portion.  Not  only  does  the  ependymal  area  broadly  divide  the  spinal  cord  into 
two  halves,  but  it  has  here  as  elsewhere  in  a  number  of  places,  entirely  obliter- 
ated the  central  canal  for  a  space  of  a  few  microns.  Figure  19  is  some  distuice 
caudad  of  figure  18,  passing  through  the  sensory  nerve  roots  one  segment  anterior 
to  the  abnormal  sinus  terminalis  (model  4,  fig.  Q,  S.T.).  The  spinal  cord  will 
be  seen  to  be  fast  losing  its  nervous  structure,  for  no  motor  cells  will  be  seen  in 
this  section  or  in  any  further  caudad.    X  70. 


,  blood  vessel  M.V.C.,  median  ventral  cartilafrint 

central  canal  bar 


C.C.Ex.,  central  canal  extension  into  N.A.,  membranous  neural  arch 

roof  plate  expansion  or  cast  of  the  A'c,  notochord 

same  It. P. Ex.,  roof  plate  expansion 

Ep.C,  ependymal  cells  R.P.Ex.  (2),  second  riJof  plate  cxpnn- 

E-p.N.,  layer  of  ependymal  nuclei  sion 

M.D.C.,    median   dorsal   cartilaginous  S.G.,  substantia  gelatinosa 

bar  S.R.,  sensory  or  dorsal  spinal    rtervc 
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EXPLANATION   OF    FIGURES 

20  Through  the  center  of  the  abnormal  sinus  terniinalix,  xhawing  the  last 
pair  of  sensory  roots  (not  last  sensory  root)  in  section.     Obeerve  especially  the 

"  large  abnormal  sinus  together  with  the  rieh  vascular  supply  for  the  tissue  immedi- 
ately surrounding  it.  Note  also  the  dorsal  and  ventral  swelling  caused  by  thii> 
sinus  and  compare  with  photograph  of  the  model  (figs.  7  and  9).  They  show  every 
evidence  of  being  expanded  by  the  cerebro -spinal  fluid.  From  this  point  caudad 
no  nervous  structures  have  developed  in  the  spinal  cord.  Also  from  (his  point 
eaudad  the  notochord  gradually  decreases  in  caliber.     X  70. 

21  to  23  represent  three  transverse  aectious  taken  through  the  extreme  pos- 
terior, non-nervous,  end  of  the  spinal  cord,  which  is  composed  solely  of  support- 
ing tissue  and  undifTerentiated  embryonic  cells.  Figure  21  ia  the  most  cephalic, 
and  passes  through  the  spinal  cord  a  short  distance  behind  the  abnormal  sinus 
terminalis  (iigs.  9  and  20,  S.T.).  The  spinal  cord  is  still  flattened  here,  but  not 
indented  ventrad,  and  contains  a  normal  central  canal.  In  figure  22  there  han 
occurred  a  marked  reduction  in  the  size  of  the  notochord.  Observe  that  the 
spinal  cord  has  not  become  flattened  as  it  has  more  anteriorly,  where  the  Dot«- 
chord  is  massive.  With  figures  21  and  22  conipare  figures  59  and  60,  which  are 
taken  from  a  similar  region  of  the  spinal  cord  from  a  70  mm.  Follstotrema  embryo. 
Figure  23  is  the  last  of  this  series  of  drawings.  It  passes  through  the  extreme 
posterior  end  of  the  spinal  cord,  some  45  microns  caudad  of  the  last  trace  of  the 
notochord.  Note  the  presence  of  a  central  canal,  and  that  the  cord  has  separated 
into  several  processes,  which  further  on  become  lost  in  the  aurroundinK  con- 
nective tissue.     X  70. 

PLATE   7 


24  to  31  From  transverse  frontal  sections  through  the  medulla  and  spinal 
cord  of  several  human  embryos,  drawn  with  the  aid  of  an  Edinger-Lcitz  draw- 
ing apparatus,  and  reduced  3  diameters  in  reproduction. 

24  and  25  Prom  transverse  sections  through  the  rhombic  brain  (frontal 
through  the  embryo)  of  a  23  mm.  human  embryo;  figure  25  passes  through  the  V 
root  and  posterior  end  of  the  cerebellar  rudiments  (lateral  lobes),  while  figure  24 
ia  from  a  more  anterior  section.  Tbe  roof  expansion  (chorioid  plexus)  is  shown 
as  a  conspicuous  black  line  in  these  figures.  Everywhere  within  the  boundaries 
of  the  roof  expansion,  the  cavity  is  filled  not  only  with  coagulated  cerebro-spinal 
fluid,  but  with  embryonic  red  corpuscles.  Whether  these  entered  through  veoo- 
lymphatic  openings  (C)  or  arc  the  result  of  extravasations  was  not  determined. 
Wherever  mesenchyme  l>orders  the  roof  expansion  it  is  very  vascular.  It  is 
apparent  that  the  roof  expansion  is  under  moderate  internal  pressure.  At  first 
glance  the  roof  expansion  will  show  resemblance  to  the  so-called  first  roof  plate 
expansion  of  the  spinal  cord  of  the  20  cm.  I'olistotrema,  already  figured,  but  its 
later  mode  of  development  was  shown  to  be  very  different,  X  10. 
(Continued  on  page  S6) 
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B.V.,   blood  veaael 

C.C,  central  canal 

C.N. A.,  cartilaginous  neural  arch 

C.T.,  white  fibrous  connective  tissue 

Ep.,  epcndyma 

M.D.C.,    median   dorsal   cartilaginoue   bar 

\f.V.C,,  median  ventral  cartilaginous  bar 


A/ j/d.,  myotomes 

A'c.notochord 

S.C.F.,  cerebro-spinal  fluid, 

Sp.M.,  spinal  cord 

S.R.,   sensory   or  dorsal   spinal   i 

S.T.,  sinus  terminalis 
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26  and  S7  Represent  two  transverse  sections  through  the  medulla,  passing 
through  the  posterior  end  of  the  fourth  ventricle  of  the  same  series  from  which 
figures  24  and  25  were  drawn.  Note  especially  the  expansion  of  the  roof  plate 
and  compare  with  the  so-called  second  roof  plate  expansion  of  the  20  cm.  Polis- 
totrema  spinal  cord  (fig.  16).  It  is  questionable  whether  the  openings  (C)  are 
artifacts  or  not.  As  was  noted  previously,  the  mesenchyme  outside  the  roof 
plate  is  very  vascular  and  the  roof  plate  has  the  appearnccof  being  under  a  moder- 
ate degree  of  internal  pressure.     X   10 

2S  A  rather  oblique  frontal  section  through  the  medulla  of  a  13  mm.  human 
embryo  (Inst,  of  .'Vnat.,  trans,  series,  H  23).  In  this  region  the  contour  of  the 
rhombic  brain  is  such  that  the  posterior  part  of  the  roof  expansion  of  the  fourth 
ventricle  is  cut  transversely ;  while  the  more  anterior  portion,  seen  below,  appears 
more  or  less  in  frontal  section.  More  anterior  sections  would  show  the  roof 
plate  to  be  continuous.  The  postfirior  end  of  the  fourth  ventricle  will  admit  of 
direct  comparison  with  the  second  roof  expansion  of  the  20  cm.  Polistotrema. 
spinal  cord  (lig.  16).  Had  the  fourth  ventricle  been  empty,  as  was  the  case  of 
the  rubber  tubing  iu  His'  experiments,  there  would  be  absolutely  no  grounds 
for  believing  that  the  anterior  portion  of  the  roof  plate  would  be  expanded  as 
it  is  by  the  appearance  of  a  pontine  flexure.  It  might  on  the  contrary  have  been 
folded  up  within  the  ventricle.     X   16.6. 

29  A  transverse  section  through  the  extreme  posterior  end  of  the  fourth 
ventricle  of  the  same  seriesas  figure  28.  There  is  here  aslight  roof  plateexpansion 
containing  no  cavity.    Compare  with  figure  15.     X  16.6. 

30  Transverse  section  through  the  thoracic  spinal  cord,  taken  from  the  same 
series  as  figure  28.  Note  that  the  roof  plate  consists  of  ependyma  only,  while 
the  floor  is  reinforced  by  white  matter,  and  even  at  this  late  stage  if  any  marked 
increase  in  pressure  occurred  from  the  cc re bro -spinal  fluid  of  this  region,  an 
expansion  of  the  roof  plate  would  have  been  entirely  possible.     X  16,6. 

31  Simitar  to  figure  28,  but  from  an  8  mm.  human  embryo  (Inst,  of  Anat., 
series  H4).  In  this  plane  the  posterior  end  of  the  fourth  ventricle  is  cut  nearly 
transversely,  and  is  directly  comparable  with  the  second  roof  expansion  of  the 
20  cm.  Polistotrema  spinal  cord  (fig.  16).  The  cavity  was  full  of  coagulum,  its 
walls  have  the  appearance  of  being  under  moderate  internal  pressure,  and  the 
adjacent  mesenchyme  is  very  vascular.     X  46.6. 


B.V.,  blood  vessel  01.,  inferior  olive 

C,    an   apparent   communication  be-  R.Ex.,  roof  plate  expansion 

twee'n  the  ve no-lymphatics  and  the  R.L.,  rhombic  lip 

fourth  ventricle  R.P.,  roof  plate  of  the  central  nervous 
C.C.,  central  canal  system 

Ch'.n.,  chondrocranium  S.C.,  semicircular  canals 

C.P.,    choroid   plexus  of  the  fourth  S.R.,  sensory  or  dorsal  spinal  nerve 

ventricle  root 

Crb.L.,  lateral  lobes  of  the  cerebellum  T.S.,  tractus  solitarius 

C.T.,  white  fibrous  connective  tissue  VIII.G.,  auditory  ganglion 

Ep.,  ependyma  V.L.S.,   veno-Iymphatic  sinus 

Ex.Ar.,  external  arcuate  fibers  V.R.,  trigeminal  root 

I.L.,  inner  or  ependymal  layer  of  nuclei  W.R.F.,  white  reticular  formation 

Mar.L.,  marginal  layer  XI. R.,  accessory  nerve  root 
M.L.,  mantle  layer 


,  Google 


SPIN-Al.  CORD  AND  MEDLLLA  OK  CVCLO^fTOHliS 


war  24 


01 


■ioyGoogle 


32  to  53  A  Beries  of  transverse  sections  through  the  region  of  the  V,  VIII, 
and  X  ganglia  in  embryos  of  Petromyzon  of  ages  varying  from  10  to  26  days.  It 
will  be  8cen  from  these  sections  that  Petromyzan  develops  an  extensive  roof 
expansion  without  the  aid  of  a  pontine  flexure,  and  the  cranial  and  spinal  ganglia 
arc  well-formed  while  the  central  nervous  system  is  a  solid  cord.  All  of  the 
figures  were  drawn  with  the  aid  of  an  Kdinger-Leitz  drawing  apparatus.  With 
figure  M  B  magnification  of  76.6  diameters  was  used,  while  250  diameters  was  used 
for  the  others.     In  reproduction  they  were  al!  reduced  one-half. 

32  Transverse  section  through  the  medulla  in  the  region  of  the  auditory 
vesicle  from  a  10  day  Petromyzon.  This  is  my  oldest  embryo  in  which  the  cen- 
tral nervous  system  has  remained  a  solid  cord.  Ordinarily  it  becomes  tubular 
during  the  seventh  day.  This  section  shows  the  medulla  to  consist  of  a  syncy- 
tium of  protoplasm,  cansisting  of  a  mass  of  round  nuclei,  much  yolk,  and  a  few 
fibers  in  the  marginal  layer.  The  nuclei  have  migrated  a  short  distance  to  either 
side  of  the  median  dorso-vcntral  line.  A  scam  (CCS.)  has  appeared  here,  which 
marks  the  position  and  beginning  of  the  embryonic  central  canal.  The  proto- 
plasm bordering  the  central  canal  seam  is  finely  granular  and  may  be  assum- 
ing a  secretary  fimction.  The  acustic  ganglia  and  fibers  are  shown  to  be  well- 
differentiated  on  both  sides.     X   125. 

33  to  35  Three  transverse  sections  passing  through  the  medulla  region  of 
another  10  day  Petromyzon  embryo,  in  which  the  central  canal  has beensomewhat 
retarded  in  development.  These  sections  pass  through  the  V,  VIII,  and  X  gan- 
glia respectively,  and  with  the  exception  that  the  central  canal  furrow  or  seam 
(CCS.)  has  expanded  into  small  dorsal  and  ventral  cavities  (no  dorsal  cavity 
has  appeared  in  fig.  35)  the  general  structure  of  the  medulla  is  about  the  same 
as  in  figure  32.  Later  these  cavities  will  become  the  dorsal  and  ventral  ex- 
pansions of  the  embryonic  central  canal  of  the  medulla.  The  protoplasm  in  the 
region  of  this  seam  is  granular  and  may  be  secreting  an  embryonic  cerebro- 
spinal fluid.  From  these  figures  it  will  be  seen  that  the  beginning  of  the  central 
canal  occurs  at  the  same  time  throughout  I 
portion  of  the  spinal  cord,  while  not  figured,  ( 
the  same  stage.     X  125. 

{Continued  o 


.\.ud.V.,  auditory  vesicle  or  otocyst 

Br. A.,  branchial  arch. 

B.V.,  blood  vessel 

C.C,  central  canal 

C.C.C.,  central  canal  closure,  caused 

by  fusion  of  lateral  plates 
CCS.,  central  canal  seam  or  furrow, 

in  Petromyzon 
Ep.X,,  layer  of  epcndymal  nuclei 
F.L.P.,    fused    lateral    plates    of    the 

spinal  cord 
F.P.,  floor  p!at«  of  the  central  r 

system; 
O.C,  germinal  cell 
Mar.L.,  marginal  layer 


Mes.,  mesencephalon 
M.L..  mantle  layer 

My>.,  myotomes 

Ve..  notochord 

P.B..  pineal  body 

ft. P.,    roof   plate   of   the   central   nei 

voUB  system 
Sp.M..  spinal  cord 
Sy.P..  syncytium  of  protoplasm 
Tel.,  telencephalon 
V.G.,  Gasserian  or  semilunar  ganglio 
Vni.  VII.,  acustic o-fascial is  ganglio 
W.M.,  white  matter 
X.G.,  vagus  ganglion  (nodosum). 
Y.,  yolk  granules 
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{Continued  from  page  B8) 

vM  to  3S  From  a  11  day  Pctromyion  embryo  through  the  aanie  regions  as  those 
shown  in  figures  33  to  35,  and  to  facilitate  comparison  were  placed  directly  un- 
der them.  CoDBidcrable  progress  has  occurred  everywhere.  Note  1)  that 
the  central  canal  seam  nith  its  small  dorsal  and  ventral  cavities  in  the  10  mm. 
aeries  haa  given  place  to  a  typical  embryonic  central  canal,  which  ia  much  wider 
at  the  top  and  bottom  than  at  the  center.  The  constricted  portion  of  course 
represents  the  last  place  for  the  protoplasm  to  give  way  or  to  be  disintegrated. 
2)  The  floor  plate  is  slightly  thiclfer  and  less  expanded  than  the  roof  plate,  being 
reinforced  on  the  outside  by  white  matter  and  by  a  rapidly  growing  notocbord 
below.  3)  A  few  more  nerve  libers  and  nuclei  have  appeared  in  the  lateral 
plates.  4)  The  number  of  dividing  germinal  cells  has  increased  while  the  num- 
ber of  yolk  granules  remains  about  the  same.  5)  The  first  blood  vessels  have  put 
in  appearance  directly  outside  the  meningeal  membrane  (fig.  37,  B.V.  and 
nearer  the  roof  plate  on  the  opposite  side).     X  125. 

39  Transverse  section  through  the  spinal  cordof  thesamellday  Petromyzon 
series  as  figures  36  to  38,  showing  the  so-called  typical  embryonic  spinal 
cord.     X  125. 

40  and  41  Somewhat  oblique  transverse  sections  from  a  12day  Petromy«ou, 
passing  in  figure  40,  through  the  V  ganglion  on  one  side  and  the  VIII  ganglion  on 
the  opposite  side,  and  in  figure  41  through  the  X  ganglion  on  one  side  and  a 
region  behind  the  X  ganglion  on  the  opposite  side.  They  can  readily  be  compared 
with  the  II  day  series  above  (figs.  36-38).  The  lateral  plates  have  apparently 
increased  notably  in  the  number  of  nerve  fibers  and  nuclei,  some  of  which,  however, 
will  have  to  be  attributed  to  the  fact  that  the  sections  are  cut  quite  obliquely. 
Also  the  numbers  of  nerve  fibers  have  increased  in  the  floor  plate.  Throughout, 
the  central  canal  has  increased  in  width.  Of  especial  interest  is  a  small  central 
mass  of  protoplasm  (Sy.P.)  in  figure  40,  which  for  a  space  of  50  microns  per- 
sists as  the  last  remnant  of  a  once  solid  mass  of  protoplasm  in  the  center  of  the 
medulla.  It  is  obvious  at  this  stage  that  some  factor  must  have  produced  suf- 
ficient internal  pressure  to  prevent  the  closing  up  of  the  ventricle  on  account 
of  the  rapid  increase  of  cells  and  fibers  in  the  lateral  plates.  It  is  fair  to  assume 
that  this  factor  is  internal  pressure  from  cerebro-spinal  fluid.     X   125. 

54  of  this  plate  will  be  described  in  its  proper  place,  opposite  the  next  plate. 
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42  to  44  Three  transverse  sectionH  through  the  medulla  oF  nil  ll^  dny  I'etromy- 
zon  embryo,  paesiog  through  the  V,  VIII,  and  X  ganglia,  and  for  the  sake  of  com- 
parison preserving  the  same  order  or  arrangement  as  was  used  for  the  earlier 
embryos.  A  slight  increase  in  the  white  matter  is  to  be  noted  for  the  lateral  and 
ventral  plates  over  the  12  day  scries;  but  little,  if  any  change  hfis  taken  place  in 
the  central  canal,  unless  possibly  the  central  portion  has  increased  slightly  in 
width.  Absolutely  no  further  expansion  of  the  roof  plate  has  occurred.  Since 
sections  through  the  medulla  of  a  14  and  16  day  series  presented  about  the  same 
appearance  as  figures  42  to  44  none  were  figured.     X  125. 

45  Transverse  section  through  the  cephalic  portion  of  the  spinal  cord  from 
the  some  Kries  aa  figures  42  to  44.  Observe  especially  the  beginning  of  the  dorsal 
closure  of  the  central  canal  (C.C.C),  showing  the  central  canal  to  consist  of  dor- 
sal and  ventral  cavities  and  a  central  seam,  strongly  resembling  the  stage  when 
it  first  appeared  in  the  spinal  cord.  This  dorsal  closure  of  the  embryonic  central 
canal  begins  in  the  anterior  portion  of  the  spinal  cord  much  earlier  than  the  cor- 
responding ventral  closure  of  the  embryonic  central  canal  in  the  medulla,  occur- 
ing  in  my  series  of  14  and  15  days.  It  is  obviously  caused  by  the  ingrowth  of 
the  lateral  plates  due  to  the  great  increase  in  the  number  of  nerve  Bbers.     X  125. 

46  to  48  Three  transverse  sections  through  the  same  region  of  the  medulla  of 
a  20  day  Petromyzon  as  is  shown  above  in  figures  42  to  44  for  the  18  day  embryo. 
It  will  be  seen  that  many  noticeable  changes  have  taken  place,  due  primarily 
to  a  marked  increase  of  nerve  fibers  in  the  lateral  and  ventral  plates,  and  to  a 
slight  increase  in  the  number  of  cells  in  the  lateral  plates.  The  shape  of  the 
medulla  has  became  more  compressed  (flattened  out  in  a  dorsO'Ventral  plane). 
Unquestionably  the  increase  of  fibers  in  the  lateral  plates  has  occurred  largely 
in  the  median  and  ventral  portions.  IvTote  the  result  on  the  embryonic  central 
canal,  which  has  been  completely  closed,  except  for  a  small  dorsal  triangular 
cavity  (C.C.)  the  early  fourth  ventricle.  Its  roof  plate,  however,  has  expanded 
somewhat.  Observe  that  true  ependymal  cells  arc  beginning  ' )  take  on  form 
about  the  ventricle,  and  those  in  the  roof  plate  may  soonaasume  a  secretory  func- 
tion, if  they  are  not  already  active.  Also  the  blood  vessels  have  become  more 
abundant  outside  of  the  medulla,  especially  in  the  region  of  the  roof  plate,  which 
would  make  infiltration  and  diffusion  through  the  roof  plate  into  the  ventricle 
easy.     X  125. 

40  From  a  transverse  section  through  the  anterior  portion  of  the  spinal  cord. 
Observe  the  great  increase  in  fibers  in  the  lateral  and  ventral  plates,  and  note 
that  the  cleft-like  embryonic  central  canal  has  become  entirely  closed,  but  for 
a  small  portion,  which  will  remain  as  the  adult  central  canal.  It  is  obvious  that 
the  two  portions  of  the  embryonic  central  canal  which  persist  in  the  medulla 
and  the  spinal  cord  are  the  opposite,  being  the  dorsal  in  the  medulla  and  the  ven- 
tral in  the  cord.     X   125. 

50  to  53  Four  transverse  sections  through  the  medulla  of  a  26  ilay  Petromy- 
aon  embryo,  taken  through  the  V,  VIII,  and  X  ganglia,  and  through  a  region 
behind  the  fourth  ventricle  where  the  central  canal  is  passing  ventral  to  assume 
its  characteristic  position  in  the  spinal  cord.  A  comparison  with  the  20  day 
series  above  (hgs.  46  to  48)  will  demonstrate  a  marked  increase  in  the  aiie  of  the 
medulla  and  the  fourth  ventricle,  and  a  greater  expansion  and  convexity  of  the 
(Coniinued  on  page  6i) 
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(Continued  from  page  61) 
roof  plate,  in  consequenije  of  which  the  dorsal  tips  of  the  lateral  plates  arc  widely 
separated.  There  is  a  marked  ItK^reaec  in  the  number  of  nerve  fibers  in  the  lateral 
plates,  especially  in  the  median  and  ventral  portions.  Of  prime  importance  is 
the  great  expansion  of  the  fourth  ventricle  and  the  roof  plate,  which  apparently 
in  Petromyzon  can  be  explained  only  from  internal  factors,  the  most  obvious 
of  which  is  the  mech&nical  expansion  due  to  an  increase  in  the  cerebro-spinal 
fluid.  It  will  be  seen  that  these  forces  were  sufficiently  strong  to  more  than 
offset  the  thickening  of  the  lateral  plates  which  would  tend  to  obliterate  thp 
dorsal  portion  of  the  embryonic  central  canal  as  it  has  the  ventral  portion.  It 
is  apparent  that  this  internal  pressure  has  pushed  the  lateral  wall  apart  in  the 
dorsal  region,  where  the  lateral  plates  are  thinnest  and  weakest.  As  was  pointed 
out  in  the  20  day  series  the  ependymol  cells  are  becoming  differentiated  and 
probably  have  assumed  a  secretory  function.  Likewise  the  increase  in  the  num- 
ber of  blood  vessels  above  the  roof  plate  favors  filtration  and  diffusion  into  the 
fourth  ventricle.     X  125. 

54  (See  preceding  plate.)  Median  longitudinal  section  through  the  head 
region  of  a  26  day  Petromyzon  embryo  introduced  for  a  comparison  with  the 
transverse  sections  in  figures  50  to  53.  Note  especially  that  the  marked  convexity 
of  the  roof  plate  of  the  fourth  ventricle  is  suggestive  of  expansion  from  an  in- 
crease of  cerebro-spinal  fluid.  Absolutely  no  pontine  fiexure  is  to  be  seen,  the 
little  convexity  that  occurs  in  the  floor  plate  can  easily  be  attributed  to  an  in- 
crease in  the  number  of  nerve  fibers.  Observe  that  the  fourth  ventricle  (C.C) 
is  the  remains  of  the  dorsal  portion  of  the  original  embryonic  central  canal,  while 
the  central  canal  of  the  spinal  cord  is  the  remains  of  the  ventral  portion.  The 
ventral  portion  of  the  embryonic  central  canal  of  the  medulla  has  been  obliter- 
ated through  the  fusion  of  the  yentral  portions  of  the  lateral  plates.     X  3S.3. 


Aud.V.,  auditory  vesicle  or  otocyst  Myo.,  myotomes 

B.V.,  blood  vessel  .V.C.,  nerve  cell 

C.C.,  central  canal  R.Bx.,  roof  plate  expansion 

C.C.C,  central  canal  closure,  caused  R.P.,  roof  plate  of  the  central  n 

by  fusion  of  lateral  plates  system 

Ep.,  ependyma  V.G.,  Gaaserian  or  semilunar  ganglion 

Bp.N.,  layer  of  ependymal  nuclei  VIII.VII.,  acustico-fascialis  ganglion 

G.C.,  germinal  cell  W.M.,  white  matter 

CAf.,  white  matter  X.G..  vagus  ganglion  (nodosum). 
M.L.,  mantle  layer 


55  to  62  Taken  from  various  transverse  sections  through  embryonic  and  larval 
Polistotrema  and  Entosphenus  (Pacific  coast  lamprey).  Introduced  to  show  the 
effect  of  the  developing  notochord  on  the  spinal  cord  in  Cyclostomes.  They 
were  drawn  with  the  aid  of  an  Eklinger-Leitz  drawing  apparatus  and  reduced 
one-half  in  reproduction, 

55  Transverse  section  through  the  caudal  region  of  a  20  mm.  Polistotrema 
embryo.  It  will  be  seen  at  this  stage  that  the  notochord  has  produced  very 
little  visible  effect  on  the  spinal  cord.  Cyclostome  embryos  of  this  stage  (com- 
pare fig.  39  for  Petromyzon)  presents  nearly  cylindrical  spinal  cord;  while  that 
of  all  other  vertebrates  is  more  or  less  elliptical  in  cross  section,  the  greater 
{('fitilhiiicd  nn  page  ti4j 
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[Continued Sram  page  OX) 
diaoieter  being  dorso-ventral.  It  should  be  not«d  timt  the  spinal  cord  ia  en- 
veloped tightly  by  a  meninKcal  membrane,  more  or  Ices  fused  with  connective 
tissue  outside  that  will  form  the  neural  arch,  which  ie  firmly  attached  to  the 
notochord  below.  Immediately  above,  the  mesenchyme  is  proliferatinK  rapidly 
and  migrating  to  the  center  where  it  will  form  the  median  dorsal  cartilaginouE 
bar.  Little  progress  has  occurred  in  the  formation  of  the  myotomes  at  the 
side,  and  elsewhere  there  is  only  loose  mesenchyme.     X  70, 

56  Similar  transverse  section  to  figure  ha,  but  from  a  27  mm.  Polistotrema 
embryo.  This  slightly  later  stage  shows  considerable  growth  of  the  notochord 
and  a  median  indentation  on  the  ventral  surface  of  the  spinal  cord  as  the  result. 
Note  that  the  conditions  surroiindinK  the  development  of  the  notochord  previous- 
ly enumerated  under  the  description  of  figure  55  are  instrumental  in  assisting  the 
notochord  In  producing  the  gradual  flattening  (depression)  of  the  spinal  cord 
seen  in  the  next  figure.     X  70. 

57  Transverse  section  of  the  spinal  cord  of  a  60  mm.  Polistotrema  embryo 
from  the  same  region  as  figure  5fS.  It  will  be  seen  that  the  spinal  cord  is  en- 
closed in  a  membranous  canal  of  dense  connective  tissue,  attached  below  to  the 
notochord  and  above  to  the  median  dorsal  cartilaginous  bar.  Above  this  there 
are  developing  cartilaginous  rays  surrounded  by  denae  connective  tissue.  The 
developing  myotomes  rest  against  the  neural  arches  both  laterally  and  dorsally. 
The  notochord  has  increased  greatly  In  siie  and.  pushing  up  against  the  soft 
spinal  cord,  produces  the  depression  and  ventral  indentation  of  the  spinal  cord 
exhibited  in  this  figure.  It  should  be  noted  that  the  roof  plate  is  still  ependyma 
and  an  expansion  of  the  roof  plate  could  take  place  even  in  (his  late  stage  if  the 
mechanical  factors  enumerated  for  the  medulla  of  Petromyzon  were  operative 
here.  The  thickening  of  the  lateral  plates  has  about  obliterated  the  central 
portion  iif  the  embryonic  central  canal,  h'avicig  only  the  dorsal  and  ventral 
portions,  in  which  there  is  a  fibrillar  feltwork,  probably  representing  both  cere- 
bro-spinal  fluid  and  ependyma  cilia.  Rcisener's  fil>cr  ia  visible  in  the  ventral 
or  permanent  central  canal.     X  70. 

58  Transverse  section  through  the  tail  region  of  a  20  mm.  Entosphenus  larvn. 
It  will  be  observed  that  the  spinal  cord  is  further  developed  than  in  the  27  mm. 
Polistotrema  embryo  (fig.  50).  It  is  apparent  that  the  same  factors  are  invoIve<l 
in  flattening  the  spinal  cord  as  were  enumerated  for  Polistotrema.  Thenoto- 
chord  has  made  fully  as  much  growth  and  the  structures  surrounding  the  spinal 
cord  are  the  same  as  in  Polistotrema,  with  the  exception  that  instead  of  a  median 
dorsal  cartilage  for  the  attachment  of  the  membranous  neural  arch  there  is  h 
membranous  neural  spine.  To  some  extent  this  may  reduce  the  dorsal  resistance. 
but  on  the  other  hand  it  may  l>e  compensated  for  by  a  greater  development  of 
the  myotomes  above  the  neural  arch.     X  126. 


C.A.,  caudal  artery  M.V.C.,  median  venlnil  cartilaginous 

C.V.,  central  canal  bar 

V.H.,  caudal  heart  Myo.,    myotomes 

'".v.,  caudal  vein  .V..-1,,  membranous  neural  arch 

DM.,  dorsal  cartilaginous  rays  .\e..  notochord 

Bp.S..  layer  of  e|)endymal  nuclei  P.M.,   pia   nmtcr  or  meningeal  mem- 

L.S.,   lateral  veno-lymphnlic  sinus  »r  brane  of  the  younger  stt^es 

anlage  of  the  same  It.!'.,  roof  plate  of  llie  eentral  nervous 
Mar.L.,  marginal  layer  system 

M.D.C.,    moiliiin    dorsal    lartilaginous  Sp.G.,   spinal  ganglion 

bar     ,  V.T.,  ventral  veno-K-mphatic  tnutk 
ir..lf,,  white  matter 
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EXPLANATION  OF  FIQDBB8 

59  and  60  Two  trtinaverae  sections  only  290  microna  apart  thiou^  the  ex- 
treme posterior  end  of  the  spinal  cord  of  a  70  mm.  Polistotreina  embryo.  In 
the  more  anterior  section  (fig.  50)  the  spinal  cord  is  depressed,  contains  develop- 
ing nervous  elements,  and  the  notochord  is  large  proportionately.  In  the  pos- 
terior section  (fig.  60)  the  diameter  of  the  notochord  is  much  reduced  and  only 
supporting  elements  appear  jn  the  spiaal  cord.  As  a  result  no  flattening  of  the 
spinal  cord  hss  taken  place  in  this  region.  Compare  with  figures  21  and  22,  which 
are  similar  sections  through  an  adult  Foliatotrema.     X  70. 

61  and  62  Taken  from  two  transverse  sections  480  microns  apart,  through 
the  medulla  oblongata  of  an  adult  Polistotrema.  In  both  sections  no  nervous 
structures  have  appeared  that  were  not  present  in  the  spinal  cord.  Note  as  you 
passcaudad  (figs.  62  to  61)  that  the  medulla  becomes  flattened  ventrally  and  dor- 
aally  in  direct  proportion  to  the  iDcrease  in  aiie  of  the  notochord.  This  rela- 
tionship can  be  shown  fully  as  marked  in  more  anterior  sections,  and  in  sections 
taken  from  a  similar  region  of  larval  Petromyion.    x  25. 

.ABBREVIATIONS 

Aud.V.,  auditory  vesicle  or  otocyst  M.V.C.,  median  ventral  cartilaginous 

B.V.,  blood  vessel  bar 

C.C.,  central  canal  Myo.,  myotomes 

E.N.,  undifferentiated  embryonic  nu-  N.A.,  membranous  neural  arch 

clei  N.C.,  nerve  cell 

Ep.,  ependyma  P.M.,  pia  mater  or   meningeal   mem- 
Ep.N.,  layer  of  ependymal  nuclei  brane  of  the  younger  stages 

L.S.,  lateral  veno-lymphatic  sinus  or  P.P.,  parachordal  plate 

anlage  of  the  same  Sp.G.,  spinal  ganglion 

M.D.C.,   median  dorsal  cartilaginous  W.M.,  white  matter 

bar  X.Q.  in  figure  K  should  he  Bp.G- 

M.F.,  MQllerian  or  giant  fiber  Jf.AT.,  vagus  nerve 
^f.L.,  mantle  layer 


63,  represents  a  diagrammatic  reconstruction  of  the  fourth  ventricle  from  an 
adult  Polistotrema  series,  and  the  planes  from  which  the  transverse  sections  were 
drawn  for  figures  64  to  66  are  indicated  by  lines  bearing  those  figures.  Observe 
how  the  large  fourth  ventricle  of  the  embryo  has  been  reduced  to  a  small  central 
canal,  having  a  posterior  dilation  {PtV),  and  how  the  anterior  end  breaks  up 
into  two  or  more  small  longitudinal  canals  that  soon  terminate  in  the  sinus 
mesoctelicus. 

64  and  65,  represent  transverse  sections,  taken  at  different  levels  of  the  fourth 
ventricle  of  Polistotrema.  These  sections  were  drawn  with  the  aid  at  an  Edin- 
ger-Leitz  drawing  apparatus  and  were  reduced  one  half. 

64  From  a  transverse  section  through  the  caudal  portion  of  the  mesencephalic 
lobes  (cerebellum  of  Miss  Worthington] .  Exact  plane  indicated  by  line  64  in 
figure  63.  The  section  passes  through  the  posterior  mcsocirte  or  cerebellar  ven- 
tricle IM".)  and  the  sinus  mesoccclicus  (anterior  dilation  of  the  fourth  ventricle 
of  Miss  Worthington),  a  short  distance  behind  the  branching  ofF  of  the  posterior 
mesocccle.  The  cavity  contains  a  fibrillar  feltwork,  which  is  in  part  coagulated 
cerebro-apinal  fluid  and  in  part  ependymal  cilia.  The  ependyma  surrounding 
the  fourth  ventricle  i?  rich  in  blood  vessels,  which  derives  its  arterial  supply  from 
{Cnntimted  on  }inge  SS) 
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(('i,)Uinued  frotn  page  SS) 
two  medulla  arteries  {M.A.).  Here  fta  elsewhere,  the  epeudynm  surrounding 
the  fourth  ventricle  doubtleas  functions  us  a  modified  chorioid  plexus,  diach&rg- 
iag  cerebro -spinal  fluid  into  the  fourth  ventricle.  It  will  be  seen  that  the  cavilv 
of  the  fourth  ventricle  is  smaller  than  the  peculiarly  modified  central  canal  and 
roof  eicpanaion  cavity  of  the  PoliBtotrema  spinal  cord  portrayed  in  fipirea  10  lo 
13.     X  25. 

65  A  more  caudal  section  through  the  extreme  tip  of  the  posterior  lobes  of 
the  meaencephalon  (cerebellum  of  Misfl  WorthJngton),  its  exact  plane  beins 
indicated  by  line  65  in  figure  63.  It  will  be  seen  that  the  fourth  ventricle  of  the 
embryo  has  in  this  region  of  the  adult  become  reduced  to  three  Hinall  longitudinal 
canals  (A,  V.),  which  are  imbedded  in  a  rather  large,  dense,  and  vascular  epen- 
dymal  mass.  The  moat  dorsal  of  these  canals  contains  Beissiier's  fiber.  Here 
again  the  ependymal  walls  are  probably  functional  as  a  modified  chorioiod  plexus. 
Very  shortly  these  canals  reunite  and  continue  some  little  distance  caudad  a* 
a  small  central  canal,  no  larger  than  the  central  canal  of  the  spinal  cord.     X  25. 

66  TransverHe  section  through  the  posterior  end  of  the  medulla  of  the  same 
series  as  figure  64.  The  exact  plane  of  the  section  is  indicated  by  line  66  in  figure 
63.  It  passes  through  what  has  been  designated  as  the  po.ijterior  dilation  of  thp 
fourth  ventricle  {PiV),  which  is  nothing  more  than  a  fair-sized  centrally  lo- 
cated cavity,  the  remains  of  a  much  larger  embryonic  fourth  ventricle,  surrounded 
by  a  great  mass  of  vascular  ependyma.  The  center  of  this  cavity  contains  a 
fibrillar  feltwork  (S.CIF.)  composed  largely  of  coagulated  cerebro-spinal  fluid 
and  some  ependymal  cilia.  Here  as  more  anteriorly  wc  probably  have  a  modi- 
fied chorioid  plexus,  the  ependymal  walls  and  their  blood  vessels  secreting  and 
filtering  cerebro-spinal  fluid  into  the  fourth  ventricle.     X   2."). 

ABBBBVIATIONS 

A4V.,  anterior  fourth  ventricle  iV.A.,  medulla  artery 

B.V.,   blood  vessel  Mea'.,   posterior  lobes   of   the   mesen- 

Ep.,  ependyma  cephalon,  cerelM-lliini  of  Miss  Worlh- 

Hab.  B.,  habcnular  body  ington 

Inf.,  intundibulum  PjK.,  posterior  fourth  ventricle 

A/.,  mesocoele  or  mesencephalic  ventri-  S.C.F..   cerebro-spinal   fluid 

cle  .S-M.,  sinus  mesoca lie u.s 

M'.,  anterior  portion  of  the  mesocojle  V.M.B.,  motor  V  root 

or  sub-cummissural  canal  of  Nicholts  .jT.,  fourth  ventricle 

M".,  dorsal  portion  of  the  mesocoile  VIII.G..  auditorj'  gimglion 

or  optocoel  and  posterior  portion  of  X.R.,  vagus  root 

the  optocoel  of  Nieholln 

PLATE    13 

EXPLANATION    OF   FIOUKBS 

67  to  69  Three  transverse  sections  through  the  bruin  region  of  a  37  mm. 
AmphioicuH,  No  blood  vessels  were  seen  in  any  of  these  sections,  but  the  mem- 
branous neural  canal  is  surrounded  on  three  sides  by  enormous  veno-lymphatic- 
sinuses,  and  the  structure  of  the  central  nervous  system  is  to  a  considerable  extent 
made  up  of  rather  coarse  supporting  tissue,  making  infiltration  an  easy  method 
for  nourishing  the  brain.  Drawn  with  an  Kdinger-Leitr.  drawing  apparatus  and 
reduced  one-half  in  reproduction. 

(Continued  iin  page  70) 
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{Continued  from  page  66) 
.ion,  figure  67,  passes  through  the  anterior  ventricle  al 
ite  highest  point,  which  is  a  short  distance  behind  the  aeuropore.  This  ventri- 
cle has  DO  dorsal  dilation  suggestjveof  theTourth  ventricle.  What  dilation  occurs, 
is  median  and  ventral.  Cilia-like  processes  from  the  border  of  the  cells  enter 
the  cavity.  If  the  ependymal  cells  are  not  secretory  it  is  possible  that  the  cere- 
bro-apinal  fluid  of  Amphioxus  does  not  differ  from  the  serum  of  the  adjacent 
veno-lymphatic  sinuses.  If  nerve  cells  occur  in  this  region  they  are  small,  and 
in  ordinary  preparations  indistinguishable  from  ependymal  cells.     X  125. 

68  60  microns  behind  figure  67.  The  large  central  canal  of  the  embryonii- 
brain  has  evidently  become  reduced  in  this  region  to  a.  ventral  central  canal 
(C.C.)  and  a  small  dorsal  isolated  cavity  (K  t.).  This  isolated  dorsal  cavity  can 
not  be  compared  with  the  fourth  ventricle  of  higher  vertebrates.  It  is  rather 
to  be  looked  upon  as  a  vestjgeal  structure,  which  may  aid  in  the  infiltration  of 
lymph  from  the  outer  veno-lymphatic  sinuses.     K   125. 

69  Taken  from  a  section  530  microns  behind  figure  68.  It  passes  throu^ 
that  part  of  the  brain  in  which  there  are  accumulated  a  great  number  of  giani 
cells  (M'.C.)  in  the  region  of  the  roof  plate.  As  in  figure  68,  there  is  an  isolated 
cavity  near  the  dorsal  surface,  which  was  probably  a  portion  of  the  large  embry- 
onic central  canal,  but  which  in  the  adult  is  separated  from  tbe  central  canal  and 
from  the  more  anterior  isolated  dorsal  cavity  by  ependyma.  It  seems  best  to 
the  writer  to  regard  this  and  the  preceding  dorsal  cavity  as  vestigeal  structures. 
X  125, 

70  (See  next  plate.)  Transverse  section  through  the  anterior  spinal  cord 
from  the  same  series  as  the  three  previous  figures.  Observe  that  the  AmpbioKus 
spinal  cord  is  not  depressed  as  is  the  Cyclostome  spinal  cord,  but  is  indented  ven- 
trally  by  the  notochord.  The  central  canal,  which  in  some  places  exists  as  a 
dorso-ventral  cleft,  is  almost  obliterated  here  by  the  ingrowth  of  ependymal 
tissue.    X  125. 

71  Cephalic  transverse  section  through  a  portion  of  the  spinal  cord,  menin- 
geal membranes,  neural  arch,  notochord,  spinal  ganglioa,and  sensory  root  of 
an  adult  Polistotrema.  Observe  the  depression  of  the  spinal  cord,  its  ventral 
indentation,  the  ventral  or  permanent  central  canal  {C.C.),  which  contains  Reiss- 
ner's  fiber,  and  immediately  above,  the  dorsal  portion  of  the  embryonic  central 
canal,  which  is  here  more  or  less  filled  with  ependymal  cells  and  their  processes. 
It  will  be  seen  that  the  gray  matter  is  as  much  flattened  out  as  is  the  cord  it- 
self, and  the  ventral  horn  and  motor  cells  are  crowded  laterad,  while  the  dorsal 
horn,  substantia  gelatinosa  (S.G.),  is  apparently  median  and  dorsal.  Within 
the  neural  arch  there  is  abundant  room  for  a  spherical  spinal  cord.  The  cord  is 
held  in  place  by  the  usual  meningeal  membranes.     X  70. 


Ar.,  Aracbnoidea  fife,  notochord 

C.C.,  central  canal  P.M.,  pia  mater  or  meningeal  mem- 

C.T.,  white  fibrous  connective  tissue         brane  of  the  younger  stages 

D.M.,  dura  mater  S.G.,  substantia  gelatinosa 

D.S.,   dorsal   vcno-lymphatic  sinus  Sp.Q.,  spinal  ganglion 

Ep.,  ependyma  S.R.,  sensory  or  dorsal  spinal  nerve 

L.S.,  lateral  ve no-lymphatic  sinus  or         root 

anlage  of  the  same  Suba.S.,   subarachnoid  cavities 

M'.C,  Mullerian  or  giant  cells  Si^d.S.,  subdural  spaces 

M.F.,  MOllerian  or  giant  fiber  W.M.,  white  matter 

MyU;  myotomes  V.I.,  anterior  ventricle  Ampbioxus 

N.A.,  membranous  neural  arch  V.t.,  vestiges  of  the  embryonic  central 
N.C.,  nerve  cell  canal  in  Amphioxus 
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72  to  80  represent  a  number  of  transverse  sections  through  the  medulla  of  shark, 
amphibian,  and  pig  embryos  for  the  purpose  of  demonstrating  various  atagea  of 
roof  plate  expansion. 

72  Rather  oblique  transverse  section  through  the  medulla  of  a  19  mm.  Squa- 
lus  embryo  in  the  region  of  the  VIII  ganglion  (from  aeries  No.  2  of  Profesaor 
Scammon's  collection) .  Note  the  well-formed  fourth  ventricle,  and  the  broadly 
expanded  and  very  much  stretched  roof  plate.  Its  collapsed  appearance  in  this 
section  is  doubtless  due  to  fixation  or  preparation.  On  account  of  a  great  pro- 
liferation of  cells  and  nerve  fibers  the  lateral  plates  have  fused  ventrally,  as 
in  Fctromyzon,  obliterating  that  part  of  the  embryonic  centra]  canal.  Attention 
should  be  called  to  the  fact  that  the  medulla  roof  plate  in  sharks  begins  to  expand 
much  earlier  than  it  does  in  Petromyzon.  This  figure  shows  a  well-expanded 
roof  plate,  while  the  cells  in  the  mantle  layer  are  no  more  differentiated  and  there 
are  no  more  nerve  fibers  in  the  marginal  layer  than  appear  in  a  12  day  Petromy- 
zon embryo  (fig,  40),  where  there  is  no  fourth  ventricle  and  no  expansion  of  the 
roof  plate.     X  70. 

73  Transverse  section  through  the  medulla  of  a  15  mm.  Necturus  t-aken 
through  the  VIII  ganglion.  Observe  the  wide  fourth  ventricle  and  the  broadly 
expanded  and  greatly  stretched  roof  plate,  and  the  coagulated  appearance  of 
the  cerebro-spiual  fluid  in  the  ventricle.  Like  Squalus,  the  fourth  ventricle 
b^ins  relatively  much  earlier  than  in  Petromyzon.  It  should  be  noted  that  no 
blood  vessels  have  reached  the  level  of  the  roof  plate  or  entered  the  medulla; 
hence  the  coagulum  in  the  ventricle  must  be  largely  a  product  of  secretion.     X  39. 

74  From  a  transverse  section  of  a  very  young  Amblystoma  embryo  in  the 
region  of  the  auditory  vesicle  (Professor  Johnston's  series  No.  60).  Here  there 
has  occurred  a  dorsal  and  a  smaller  ventral  excavation  of  the  cleft-like  central 
canal.  It  will  be  seen  that  the  larger  dorsal  cavity,  the  beginning  of  the  fourth 
ventricle,  possesses  no  thinner  roof  plate  than  does  the  spinal  cord  (fig.  83). 
Also  in  this  section  (fig.  74)  the  roof  and  floor  plates  are  about  equally  thick. 
What  has  taken  place  dorsally  and  ventrally  throughout  the  embryonic  central 
canal  has  been  a  migration  of  the  cells  outward.  The  fact  that  in  this  section 
of  the  medulla  the  roof  plate  is  no  thinner  than  in  the  section  of  the  spinal  cord 
(fig.  83),  taking  note  that  the  spinal  and  cranial  ganglia  are  well-formed,  is  evi- 
dence against  the  hypothesis,  that  the  greater  migration  of  the  neural  crest 
cells  of  the  medulla  was  the  prime  cause  of  the  thinning  out  of  the  roof  plate  of 
the  rhombic  brain.     X  70. 

{Continued  on  page  7i) 

ABBREVIATIONS 

Attd.V.,  auditory  vesicle  or  otocyat  lU.L.,  mantle  layer 

S.V.,  blood  vessel  Myo.,  myotomes 

C.C.,  central  canal  or  cast  of  the  same  N.A.,  membranous  neural  arch 

C.C.C.,  central  canal  closure,  caused  N.C.,  nerve  cell 

by  fusion  of  lateral  plates  Nc,  notochord 

Ep.,  ependyma  P.C.,  pigmented  or  eye  cella  of  Amphi- 
Ep.N.,  layer  of  ependymal  nuclei  oxus 

F.P.,  floor  plate  of  the  central  nervous  R.Ex.,  roof  plate  expansion 

system  R.P.,  roof  plate  of  the  central  nervous 
G.C.,  germinal  cell  system 

L.S.,  lateral  veno-lymphatic  sinus  or  S.C.P.,  cerebro-apinal  fluid 

anlage  of  the  same  V.G.,  Gasserian  or  semilunar  ganglion 

Mar.L.,  marginal  layer  VIII.G.,  Auditory  ganglion 

M'.C,  MQllerian  or  giant  cells  W.M.,  white  matter 

M.F.,  MUllerian  or  giant  fiber  4  V.,  fourth  ventricle 
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{Continued  frttm  page  7SS) 
76  to  80  represent  five  transverse  sections  through  the  developing  fourth 
ventricle  and  roof  plate  expansion  in  pig  embryos  from  5  mm,  up  to  14  mm. 
With  the  exception  of  figure  75,  which  is  from  my  collection,  the  remaming  figures 
are  from  frontal  aeries  belonging  to  the  Institute  of  Anatomy.  That  there  is 
a  direct  relationship  between  the  amount  of  visible  coagulum  in  the  form  of  & 
fibrillar  feltwork  and  the  expansion  of  the  roof  plate  is  evidenced  by  the  fact 
that  this  coagulum  does  not  appear  in  the  early  embryos  before  the  roof  plate 
has  assumed  the  appearance  of  an  organ  capable  of  the  produntion  of  cerebro' 
spinal  fluid  (as  indicated  by  vascular  supply  and  granular  appearance  of  the 
cells).  It  may  be  inferred  that  the  earliest  non-coagulable  cerebro-spinal  found 
in  the  earliest  stages  is  an  embryonic  fluid  which  differs  in  no  way  from  the  ordi- 
nary intercellular  juices,  but  that  the  appearance  of  coagulum  at  the  time  when 
the  roof  plate  has  attained  the  appearance  of  a  functional  chorioid  plexue  is 
indicative  of  a  chemical  change  in  the  fluid,  which  if  a  product  of  secretion  is 
capable  of  producing  a  marked  increase  of  internal  pressure  in  the  cerebro-spinal 
fluid  and  consequent  expansion  of  the  roof  plate. 

75  From  a  transverse  section  through  the  medulla  of  a  5  mm.  (or  less)  pig 
embryo,  in  the  region  of  the  auditory  vesicle.  It  will  be  seen  that  the  peripheral 
branches  of  the  intersegmental  blood  vessels  have  about  readied  the  root  plate, 
but  no  blood  vessels  have  entered  the  medulla.  The  protoplasm  of  the  inner 
margin  of  the  epcndymal  cells  is  sufficiently  granular  to  surest  a  secretory 
function.  The  small  amount  of  coagulum  in  ventricle  is  probably  the  .result 
of  secretion,  but  the  cerebro-spinal  fluid  h&a  probably  not  exerted  much  inter- 
nal pressure.     X  70. 

76  Transverse  section  of  a  6  mm.  pig  medulla  through  the  widest  portion 
of  the  fourth  ventricle,  namely,  at  the  level  of  the  V  ganglion.  This  is  the  only 
portion  of  the  roof  plate  to  have  undergone  any  stretching  of  ita  cells,  and  this 
is  confined  solely  to  the  most  centrally  located  cells.  This  section  shows  a  con- 
siderable increase  in  the  size  of  the  fourth  ventricle  and  expansion  of  the  roof 
plate,  together  with  some  increase  in  the  amount  of  coagulable  cerebro-spiaal 
fluid  (S.C.F.)  and  an  increase  in  the  number  of  blood  vessels  above  the  roof  plate; 
but  no  blood  vessels  have  entered  the  substance  of  the  medulla.  At  this  stage 
the  pontine  flexure  could  not  have  been  a  factor  in  producing  the  roof  expansion. 
The  collapsed  appearance  of  the  roof  plate  at  its  center  is  not  natural,  but  rather 
a  result  of  the  preparation  of  the  material.     X  39. 

PLATE  15 

EXPLANATION   OP   FlflUItEB 


77  Taken  from  a  transverse  section  through  the  V  ganglion  of  a  7  mm.  pig 
embryo.  Note  the  increase  in  the  number  of  blood  vessels  above  the  roof  plate, 
which  together  with  the  increase  in  the  coagulable  cerebro-spinal  fluid  suggests 
a  functional  chorioid  plexus.  The  pontine  flexure  in  this  stage  is  too  slight  to 
have  any  effect  on  the  expansion  of  the  roof  plate.  It  should  also  be  recorded 
that  a  few  blood  vessels  have  entered  the  outer  surface  of  the  medulla.  As  in 
the  previous  series  the  sections  have  suffered  a  collapse  of  the  roof  plate  from 
fixation  or  later  preparation  of  the  material.     X  39. 

78  From  a  transverse  section  of  a  10  fnm,  pig  embryo  through  the  regioD  of 
the  V  ganglion.  The  increased  vascularity  of  the  mesenchyme  above  the  roof 
plate  together  with  the  enormous  amount  of  coagulated  cerebro-spinal  Suid 
(S.C.F.)  in  the  ventricle  are  evidences  of  the  factors  which  have  produced  the 
increased  expansion  noticed  in  the  roof  of  the  ventricle.  Also  at  this  stage  the 
pontine  flexure  has  increased  to  such  an  extent  that  its  action  on  a  fourth  ventri- 
cle full  of  cerebro-spinal  fluid,  itself  under  a  moderate  pressure,  would  produce 
a  further  expansion  of  the  roof  plate.  As  in  the  preceding  sections  the  roof  plate 
has  suffered  a  collapse  in  the  preparation  of  the  material.     X  39. 

74 


,d.y  Google 


SPINAL  CORD  AND  MEDULLA  OF  CYCIx>»rOHES 


V. 
SC.E 


-EpN. 
MX. 


Hk-L. 
V. 


78 


/ 


79 


80 

79  and  80  Two  tranaveree  sectiona  through  the  anterior  and  posterior  ends 
of  the  fourth  ventricle  from  a  14  nun.  frontal  series  of  a  pig.  A  more  advanced 
stage  in  the  development  of  the  chorioid  pleicuB  together  with  a  more  pronounced 
pontine  flexure  ttae  produced  a  much  larger  fourth  ventricle  and  expanded  roof 
plate  than  is  ahown  in  the  previous  aeries  (fig.  78) .  The  thickening  of  the  lateral 
walla  of  the  medulla  is  taking  place  as  it  did  in  Petromyson  and  Squalue,  but  the 
greater  expansion  of  the  ventricle  in  the  pig  (fig.  7S)  has  prevented  the  walla 
from  fusing  ventrally.  Nevertheleea,  the  thickening  of  the  ventral  portion  of 
the  lateral  platea  would  increase  the  pressure  of  the  cerebro-apinal  fluid,  X  25 
and  39. 


ABBREVIATIONS 


B.V.,  bloodvessel 

C.S.F.,  cerebro-spinal  fluid 

Ep.N,,  layer  of  ependymal  nuclei 

Mar.L.,  marginal  layer 

M.L.,  mantle  layer 

R.C.,  embryonic  red  corpuscle 


R.Ex.,  roof  plate  expansion 

S.C.F..  cerebro-spinal  fluid 

V.G.,  Gaaaerian  or  semilunar  ganglio 

i  v.,  fourth  ventricle 

X.R.,  vagus  root 
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EXPLANATION  OP  nOURBS 

81  to  S7  Represent  true  transverse  sections  through  what  has  been  tended 
in  the  text,  the  typical  embryonic  spinal  cord,  from  a  number  of  different  verte- 
brates, all  of  which  have  developed  a  tubular  nervous  system  after  the  neural 
fold  method.  They  were  drawn  with  the  aid  of  an  Edinger-Leitz  drawing  appara- 
tus and  reduced  one  half  in  reproduction. 

81  From  a  transverse  section  through  the  anterior  portion  of  the  spinal  cord 
of  a  10  mm.  Squalus  embryo  (Professor  Scammon's  series  No.  16).  This  so- 
called  typical  embryonic  spinal  cord  is  decidedly  compressed.  An  earlier  stage 
possessed  an  elliptical  cord  with  its  greatest  diameter  from  side  to  side.  The 
floor  plate  ia  slightly  thicker  than  the  roof  plate.  Each  contains  a  single  layer 
of  nuclei.  The  ventral  portion  of  the  cleft-like  central  canal  is  expanded  into 
a  cavity,  which  persists  as  the  permanent  central  canal.  A  well-formed  spinal 
ganglion  is  seen  to  the  left.     X  125. 

82  Transverse  section  of  the  spinal  cord  of  a  19  mm.  Squalus  embryo  (from 
Professor  Scammon's  series  No.  2).  Note  that  the  dorsal  closure  of  the  lateral 
plates,  due  to  fiber  and  cell  proliferation,  is  the  same  as  was  figured  for  Petromy- 
zon.  They  meet  in  a  seam,  leaving  dorsal  and  ventral  cavities,  of  which  only 
the  ventral  one  persists.  As  in  Cycloatomes  this  method  of  closure  would  tend 
to  throw  a  large  part  of  the  embryonic  cerebro-spinal  fluid  into  the  brain  cavities. 
X  70, 

83  and  84  Transverse  section  through  the  anterior  portion  of  the  spinal 
cord  of  an  Amblystoma  and  a  turtle  embryo.  The  former  (taken  from  Professor 
Johnston's  series  No.  50)  is  a  rather  early  representative  of  the  so-called  typi- 
cal embryonic  stage;  while  the  latter  is  a  rather  late  representative  of  this  stage. 
Both  cords  may  be  said  to  be  compressed  (elliptical,  having  its  greatest  diameter 
do rso -ventral),  but  only  slightly  so,  when  compared  with  birds  and  mammals 
(figs.  85  and  86),  As  a  result,  granting  an  equal  proliferation  of  fibers  and  cells 
in  the  lateral  plates,  it  would  be  expected  that  the  adult  cord  in  Amblystoma  and 
the  turtle  would  be  more  depressed,  which  is  found  to  be  the  case,     X  70  and  125. 

85  and  86  From  anterior  transverse  sections  of  the  spinal  cord  of  a  93  hour 
chick  and  a  5  mm.  pig.  Both  are  good  illustrations  of  the  so-called  typical  em- 
bryonic stage,  the  pig  being  in  a  slightly  more  embryonic  state.  In  these  we  have 
the  most  compressed  of  all  embryonic  cords  examined,  while  the  adults  oord  are 
nearly  cylindrical.     X  125. 

87  Transverse  section  through  the  caudal  end  of  the  same  spinal  cord  shown 
in  figure  86.  Observe  spherical  appearance  which  is  indicative  of  an  earlier  phase 
in  its  development.     X  125. 
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ABBREVIATIONS 


CC,  ceotral  canal 

C.C.C,  central   canal  closure,  caused 

by  fusion  of  lateral  plates 
Ep.N.,  layer  of  ependymal  nuclei 
F.P.,  floor  plate  of  the  central  e 

system 
G.C.,  germinal  cell 
Mnr.L.,  marginal  layer 
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^or  or  ventral    spinal  t 


M.L.,  I 

M.R., 

Nc,  notochord 

R.P..  roof  plate  of  the 

system 
Sp.G.,  spinal  gani^lion 
Sy.P.,  syncytium  of  protopli 
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I.  INTRODUCTION 

Comparatively  little  worlt  has  been  done  on  the  morphology 
of  the  biliary  and  pancreatic  duct-systems  in  vertebrates.  The 
arrangement  of  these  structures  has  been  worked  out  in  the 
adult  forms  of  a  few  species  but  no  attempt  has  been  made  to 
correlate  these  scattered  observations  or  to  determine  what 
may  be  considered  the  typical  arrangement  in  vertebrates  and 
the  major  variations  which  may  occur  in  the  various  groups 
of  the  phylum.     The  development  of  these  systems  is  also 
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almost  unknown.  Although  the  formation  of  the  anlagen  of 
the  liver  and  pancreas  has  been  investigated  in  almost  every 
group  of  vertebrates,  the  later  history  of  duct  systems  of  these 
structures  has  been  quite  neglected.  The  two  exceptions  to 
this  statement  are  furnished  by  the  work  of  Comer  {'13)  who 
investigated  the  development  of  the  pancreatic  ducts  of  the 
pig  by  means  of  injection  methods  and  Scammon's  study  of  the 
biliary  system  of  selachians.' 

The  following  study  is  an  attempt  to  follow  in  detail  the  de- 
velopment of  these  duct-systems  in  the  tailed  amphibia,  and 
to  point  out  the  embryologic  significance  of  the  principal  varia- 
tions which  are  encountered  in  the  adult  and  the  mechanical 
influences  which  are,  in  part  at  least,  responsible  for  them. 
Although  we  are  not  as  yet  in  possession  of  sufficient  data  to 
formulate  a  statement  of  the  typical  vertebrate  plan  of  biliary 
and  pancreatic  duct-systems,  it  is  hoped  that  this  description 
of  these  structures  in  a  representative  amphibian  may  add  to 
the  material  upon  which  such  a  schema  must  eventually  be  based. 

The  material  used  for  this  work  consisted  of  embryos  of  Am- 
blystoma  punctatum  from  4  mm.  to  20  cm.  in  length.  These 
were  sectioned  serially  in  transverse  and  sagittal  planes.  Graphic 
and  wax  reconstructions  were  made  of  the  hepatic  ducts,  gall- 
bladder, liver  and  pancreas  of  different  embryos  and  adults. 

It  is  a  pleasure  to  express  my  thanks  to  Dr.  Richard  E.  Scam- 
mon  for  his  constant  interest  and  helpful  criticisms  throughout 
this  study. 

A  correlation  of  the  embryos  employed  in  this  study  with 
those  described  in  the  Normal  Plates  of  Necturus  maculosus 
by  Eycleshymer  and  Wilson  may  be  desirable.  This  correla- 
tion is  based  on  a  comparison  of  the  digestive  system  including 
liver  and  pancreas,  as  well  as  partially  on  the  external  form. 
Probably  the  greatest  difference  in  the  development  of  the 
digestive  tract  between  these  two  forms  is  in  the  time  of  union 
of  the  dorsal  and  ventral  pancreatic  anlagen  which  had  taken 

'  The  terms  used  by  Scammon  ('13)  in  describing  the  ducts  of  Elasmobranclu 
have  been  used  in  this  paper. 
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place  in  most  of  the  13  mm.  Amblystoma  embryos  which  I 
have  observed,  and  is  described  in  stage  42  (29  mm.)  in  the 
Normal  Plate  series  of  Necturus.  Also  the  limbs,-  particularly 
the  caudal  ones,  appear  comparatively  later  in  Amblystoma. 
Such  a  table,  of  course,  can  be  only  au  approximate  comparison. 


TABLB  1 
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II.    THE  DEVELOPMENT   OF    THE    LIVER,    HEPATIC    DUCTS   AND 
GALL-BLADDER 

1.  Literature 

The  literature  of  the  development  of  the  great  glands  of  the 
digestive  tract  of  Amphibia  can  be  conveniently  divided  into 
two  parts  covering  two  fairly  distinct  periods:  first,  the  work 
of  the  early  investigators  who  determined  the  position  of  these 
glands  in  the  embryo  and  their  relation  to  the  lower  genn  layer; 
second,  the  series  of  contributions  beginning  with  Goette's 
large  monograph  upon  the  development  of  Bombinator  (75) 
and  dealing  mainly  with  the  detailed  developmental  anatomy 
of  these  organs. 
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The  following  table  gives  a  list  of  the  authors,  the  dates  of 
their  publications  and  the  material  upon  which  their  work  on 
the  development  of  the  liver  and  pancreas  was  based. 

Steinheim  {'20)  studied  older  embryos  and  observed  the 
attachment  to  the .  gut.  Rusconi  ('26)  investigated  younger 
embryos  and,  "as  did  Reichert  ('40)  and  Vogt  ('42),  described 
the  ventral  growth  of  the  intestine  to  fonn  the  liver.  Remak 
('55)  and  v.  Bambecke  ('68)  differed  from  the  above  only  in 
the  number  of  lobes  formed  and  noted  the  close  relation  of 
the  gall-bladder  to  the  right  lobe. 

According  to  Goette  ('75),  the  liver  in  Bombinator  originates 
as  a  ventral  outpouchii^  of  the  foregut  posterior  to  the  heart. 
This  diverticulum  becomes  separated  from  the  gut  by  a  gradual 
cranio-caudal  constriction,  and  the  narrow  connection  which 
remains  fonns  the  common  hepatic  duct.  The  outpouching 
then  grows  by  the  production  of  folds  or  buds  from  its  sides  which 
form  the  primary  hepatic  colimms.  The  lumina  remain  in  these 
columns  although  they  may  be  very  small.  Goette  regarded 
the  early  anastomoses  and  formation  of  the  net-like  hepatic 
cylinders  as  aided  by  the  ingrowth  of  a  capillary  network.  The 
gall-bladd^  develops  as  an  outpouching  of  the  posterior  part 
of  the  primitive  hepatic  duct  caudal  to  which  the  ductus  chol&- 
dochus  is  formed. 

Balfour  ('81)  made  the  statement  that  there  is  a  single  ven- 
tral diverticulum  from  the  gut  which  later  develops  into  two 
secondary  branches  and  so  forms  the  hver. 

Shore  ('91)  in  his  study  on  the  frog  found  that  the  liver  takes 
origin  as  a  ventral  lengthening  of  the  gut  lumen  into  the  mass 
of  yolk-cells  which  lies  posterior  to  the  heart.  The  yolk-cells 
lining  this  lumen  sire  transformed  into  hepatic  ceUs  and  this 
mass  becomes  partially  separated  from  the  gut.  This  constnc- 
tion  is  aided  by  the  caudal  growth  of  the  sinus  venosus.  Later 
there  is  formed  at  the  expense  of  the  yolk-cells  and  by  cell-divi- 
sion a  large  cell-mass  into  which  the  blood-vessels  tunnel  form- 
ing a  tubular  gland  whose  columns  divide  and  anastomose  pro- 
ducing a  network  interlacing  with  that  of  'blood-lacunae.' 
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Marshall  ('93)  gave  a  brief  account  of  the  development  of 
the  liver  in  the  frog  in  his  vertebrate  embryology.  He  described 
a  caudo-ventral  projection  from  the  anterior  part  of  the  mesen- 


TABLE  1 
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teron.  The  anterior  wall  of  this  depresaion  is  thrown  into 
folds,  blood-vessels  penetrate  between  these  structures  and 
outgrowths  from  the  hypoblast  form  the  hepatic  cylinders. 

Weysse  ('95)  found  in  the  frog  that  the  Uver-anlage  is  a  dorso- 
ventral  cleft  extending  into  the  yolk-mass  from  the  gut  lumen. 
A  caudal  extension  of  this  cleft  forms  the  posterior  hepatic 
duct,  while  the  craniat  hepatic  duct  is  formed  by  a  folding  of 
the  anterior  wall  of  the  hepatic  aolage.  The  yolk-cells  are 
transformed  into  the  true  hepatic  cells  and  can  be  early  recog- 
nized by  the  deposit  of  pigment  within  them. 

Hertwig  ('96)  and  Kolhnan  ('98)  gave  only  short  descriptions, 
statii^  that  in  Amphibia  the  b^atic  anli^e  is  a  single  out- 
pouching from  the  ventral  wall  of  the  duodenum. 

Hammar  ('97)  who  worked  on  the  development  of  the  frog's 
liver,  has  named  the  entoderm&l  cell-mass  posterior  to  the 
heut  the  'Leberprominenz.'  Into  this  extends  an  early  length- 
ening cavity  which  is  continuous  with  the  lumen  of  the  gut. 
This  he  termed  the  'Leberbucht.'  By  a  cranio-caudal  con- 
striction this  hepatic  anlage  is  separated  from  the  gut.  The 
cell-mass  about  the  fimdus  of  this  anteriorly  directed  sac  develops 
into  trabeculae  of  the  adult  organ  and  the  posterior  part  forms 
,  the  ductus  choledochus.  The  gall-bladder  is  developed  very 
early  as  a  diverticulum  of  the  ventral  wall  of  the  common  bile 
duct,  and  by  further  growth  comes  to  be  a  pedimculated  organ, 
consisting  of  a  cystic  duct  and  gall-bladder  proper.  He  re- 
garded the  origin  of  the  trabeculae  as  perhaps  due  partially  to 
the  developing  capillary  network  tunnelling  into  the  hepatic 
cell  mass  as  suggested  by  Shore. 

Choronshitzky  ('00)  showed  the  anlage  of  the  liver  in  the  sala- 
mander in  a  figure  of  a  sagittal  section  of  a  9  mm.  embryo,  in 
which  there  is  a  ventral  fold  in  the  wall  of  the  foregut.  This 
fold  is  lined  with  yolk-laden  cylindrical  cells  which  posteriorly 
pass  gradually  over  into  the  polygonal  yolk-cells  which  form 
a  mass  projecting  into  the  lumen  of  the  gut.  In  the  anterior 
ventral  wall  of  the  gut  is  a  second  slight  pouch  which  later 
forms  the  gall-bladder.  The  two  omphalo-mesentaic  veins 
crowd  in  on  either  side  of  the  liver  outpouching,  thereby  aid- 
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ing  the  constriction  of  the  lateral  walls  of  the  gut.  These  veins 
unite  anteriorly  and  form  the  ductus  venosus.  The  Uver-anlage 
therefore  first  grows  ventrally  and  then  anteriorly  below  the 
horseshoe-shaped  tmion  of  the  omphalo-mesenteric  vdns  and 
the  ductus  venosus.  A  similar  sagittal  section  of  a  later  stage 
shows  the  hver  at  the  cranial  end  of  a  short  ductus  hepaticiu 
which  is  continuous  caudally  with  the  ductus  choledochus.  From 
the  ventral  wall  of  the  ductus  choledochus  there  is  now  a  very 
marked  outpouching,  the  gall-bladder,  which  is  united  with  the 
common  duct  by  a  short  cystic  duct.  The  primitive  liver-an- 
lage  has  thus  grown  cranialward  and  become  separated  from 
the  gut.  Choronskitksy  believes  this  process  to  be  due  to  the 
growth  and  differentiation  of  the  gut.  The  walls  of  the  primi- 
tive liver-anlage  have  folded  and  these  folds  later  develop  into 
solid  liver-columns.  The  liver  grows  aroxmd  the  developii^ 
ductus  venosus  even  to  its  dorsal  surface  and  in  so  doing  produces 
many  folds  and  columns  which  grow  through  the  ductus  venosus 
and  divide  it  into  sinus-like  branches. 

Renter  ('00)  in  his  studies  on  tiie  development  of  the  intestine 
of  the  Alytes  obstetricans  made  mention  of  the  early  origia  of 
the  liver.  This  develops  from  the  'Anfangsdarm'  division  of 
the  midgut.  In  later  embryos  the  liver  develops  very  rapidly 
and  is  divided  into  three  lobes. 

Gianelli  ('01  and  '02)  described  the  hepatic  anlage  in  Triton 
as  developing  in  two  parte,  the  anterior  giving  rise  to  the  he- 
patic tissue  proper  and  the  caudal  formii^  the  hepatic  duct. 
The  gall-bladder  arises  from  a  mass  of  cells  belonging  to  the 
primitive  hepatic  outpouching.  By  the  development  of  the 
intestinal  folds  the  hepatic  duct  becomes  attached  to  the  dorsal 
side  of  the  gut. 

Weber  ('03)  stated  that  the  observations  made  on  the  develop- 
ment of  the  liver  in  the  frog  and  in  Triton  differ  but  little.  Id 
the  latter  the  intimate  relation  of  the  anterior  end  of  the  hepatic 
outpouching  and  the  blood-vessels  account  for  the  develop- 
ment of  this  part  into  the  hepatic  tissue  proper. 

Bates  ('04)  in  a  paper  on  the  histology  of  the  digestive  tract  of 
Amblystoma  has  described  the  hepatic  and  pancreatic  ducts. 
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He  ha&  described  a  bile-duct  which  lies  free  in  the  body-cavity 
for  a  short  distance  and  then  enters  the  pancreas  which  lies 
between  the  liver  and  the  intestine.  Here  it  is  joined  by  two 
hepatic  ducts  and  just  as  this  enters  the  intestine  it  is  joined 
by  two  other  hepatic  ducts. 

To  Bunmiarize  briefly,  the  early  investigators  described  tJhe 
liver  and  pancreas  as  developing  at  the  same  time  from  the 
ventral  wall  of  the  gut,  and  also  considered  that  they  were  parts 
or  lobes  of  the  same  organ.  Remak  ('55)  first  noted  that  the 
Uvee  is  separate  and  distinct  from  the  pancreas.  Goette  first 
gave  a  detailed  account  of  the  development  of  the  liver  in  am- 
phibia. Most  of  the  investigators  tram  that  time  have  agreed 
that  the  liver  begins  as  a  single  ventral  outpouching  of  the  gut- 
wall  caudal  to  the  heart.  The  question  as  to  the  origin  of  the 
gall-bladder,  whether  from  the  caudal  end  of  the  ductus  chole- 
dochus  or  from  the  wall  of  the  intestine  in  this  region  may  be, 
as  Piper  ('02}  stated,  one  of  interpretation  rather  than  one  of 
observation.  Whether  the  hepatic  cylinders  divide  and  the 
blood-capillaries  then  grow  between  them,  or  whether  the  capil- 
laries grow  into  t^e  soUd  hepatic  anlage  so  forming  hepatic  cyl- 
■indera  seems  not  to  have  been  definitely  determined.  Shore's 
('91)  observations  support  the  latter  theory.  Accordii^  to 
the  observations  of  Weysse  and  others  the  yolk-ceUs  are  trans- 
formed directly  into  hepatic  cells.  Very  little  has  been  written 
about  the  development  of  the  hepatic  ducts.  The  common 
bile-duct  is  described  as  the  constricted  attachment  of  the 
hepatic  anlage,  or  the  posterior  end  of  the  hepatic  outpouching. 

S.  Early  development  of  the  liver 

The  liver  in  Amblystoma  first  appears  in  embryos  about 
4.5  nun.  in  length,  which  corresponds  roughly  to  no.  21  of  Keibel's 
Nonnal-plate  series.  The  digestive  tract  at  this  stage  is  quite 
simple.  The  pharyngeal  cavity  is  large  and  extends  anteriorly 
to  the  oral  cavity.  Caudally  it  opens  widely  into  the  mesenteron 
which  is  composed  of  a  lai^e  mass  of  yolk-cells  and  extends 
backward  to  the  proctodaeum.  The  yolk-mass  extends  dorsally 
to  the  notochord  and  bulges  ventrally. 
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Posterior  to  the  aolage  of  the  heart  a  s^ttal  section  ahows 
a  ventrally  and  somewhat  caudally  directed  projection  of  the 
gut-Imnen,  (fig.  1)  which  extends  backward  near  the  dorsal  side  of 
the  yolk-mass.  The  anterior  wall  of  the  ventrally  directed  exten- 
sion of  the  gut-lmnen  is  lined  by  yolk-laden  columnar  cells  and 
its  posterior  wall  is  formed  by  the  cells  of  the  large  yolk-mass. 
This  cavity  is  quite  wide  transversely  and  is  connected  to  the' 
gut-lumen  above  by  a  wide  cleft. 


Fig.  I  Sngittftl  section  of  KB  Amblyetoma  embryo  4.6  nun.  loDg  taken  at 
about  the  median  plane.     X  80.    P.0.,  foregut^lfe,  heart;  Li,  liver;  K,  yolk  mass. 

Fig.  2  Sagittal  eection  of  an  Amblystoma  embryo  6  mm.  long,  taken  to  the 
i^fat  of  the  median  line.  X  30.  F.g.,  foregut;  0,  caudal  extension  of  gut;  Ht, 
heart;  Li,  liver;  Y,  yolk  mass. 

Weysse  ('95)  has  described  this  cavity  in  frog  as  a  cleft  in  the 
ventral  mass  of  yolk-cells,  and  Hamjuar  ('97)  has  termed  it 
the  'Leberbucht.*  From  the  study  of  a  slightly  more  advanced 
stage  Weysse  concluded  that  the  caudal  and  ventral  end  of  this 
cleft  finally  formed  a  caudal  hepatic  duct.  He  correlated  this 
with  the  caudal  hepatic  duct  described  in  the  chick.  That  the 
caudal  projection  does  not  form  a  caudal  hepatic  duct  in  amphibia 
seems  clear  from  a  study  of  the  later  development.  The  reason 
for  this  error  was  probably,  as  Hammar  has  pointed  out,  that 
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Weyase  did  not  follow  the  development  beyond  a  very  early 
stage. 

In  an  embryo  approximately  5  mm.  (fig.  2)  long  the  anterior 
wall  of  this  early  ventro-caudal  projecting  cavity  has  become 
more  prominent.  The  extension  of  the  gut-lumen  into  this  out^ 
pouching  is  a  large  cone-shaped  cavity  somewhat  flattened  in 
transection.  The  columnar  epithelial  cells  lining  it  are  now 
found  I  farther  caudalward  than  in  the  preceding  stage. 


Fig.  3  Sagittal  acction  of  an  embryo  almost  7  mm.  long.  X  30.  D.chol., 
ductus  choledochuH ;  F.g.,  foregut;  O.  caudal  exteneioD  of  gut;  Q.B.,  gall-bladder; 
He,  heart;  lA,  liver;  Y,  yolk  mass. 

In  a  sf^ittal  section  of  an  embryo  7  mm.  long  there  is  shown 
a  more  advanced  stage  of  the  condition  jufit  described.  From  a 
comparison  of  this  stage  (fig.  3)  with  the  previous  one  and  the  one 
following,  it  will  be  seen  that  the  hepatic  anlage  has  become  more 
prominent  by  a  cranio-caudal  constriction  from  the  gut.  Folds 
have  begim  to  form  on  the  outer  surface  of  the  liver.  The  cav- 
ity of  the  hepatic  diverticulum  is  widely  connected  with  that 
of  the  gut.  In  the  ventral  wall  there  is  a  slight  median  depres- 
sion {GB)  which  is  the  earliest  indication  of  the  gall-bladder. 
This  depression  is  at  the  caudal  end  of  the  Uver-anlage  in  the 
region  where  the  primitive  ductus  choledochus  is  forming. 
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The  liver  of  another  embryo  7  mm.  loi^  appears  as  an  anterior 
and  ventral  outpouching  of  the  gut.  Figure  36  is  of  a  plastic 
reconstruction  of  this  region  of  the  archenteron.  That  the  con- 
striction from  the  gut  has  proceeded  caudaily  will  be  apparent 
by  comparison  with  earlier  and  later  stages.  The  cavity  pro- 
jecting into  the  liver-anlage  from  the  lumen  of  the  gut  is  now 
much  longer,  and  there  are  indications  of  further  projections 
from  it  on  the  right  side  as  the  limiina  of  ducts. 

Choronshitzky  noted  this  transverse  extension  of  the  lumen 
in  the  hepatic  anlage  of  the  salamander  but  did  not  follow  its 
further  history.  At  the  posterior  end  in  the  median  ventral 
wall  is  a  marked  outpouching  which  is  the  gall-bladder  (GB, 
fig.  36).  The  opening  of  this  outpouching  into  the  gut  is  still 
very  wide  laterally  and  shows  no  differentiation  into  cystic  duct 
and  gall-bladder.  The  evagination  is  wide  transversely  though 
not  extending  as  far  laterally  as  the  liver.  In  ventral  view  the 
gall-bladder  appears  as  a  wide  transverse  outpouching.  There 
is  a  slight  furrow  separating  it  anteriorly  and  laterally  from 
the  hver  proper,  and  a  more  pronounced  one  separating  it  from 
the  caudaily  placed  yolk-mass. 

In  an  embryo  approximately  9  mm.  in  Iraigth  (fig.  37)  the  liver 
is  distinctly  further  advanced  than  in  the  preceding  one.  The 
caudal  constriction  from  the  gut  has  prc^ressed  rapidly  (fig.  4). 
The  original  anterior  convex  surface  of  the  liver  has  become 
markedly  irr^ular  showing  numerous  depressions  or  furrows  be- 
tween projecting  masses  of  cells.  Greil  ('05)  figures  a  model 
of  the  liver  in  a  Bombinator  embryo  7.5  mm.  long  with  muty 
secondary  buds.  A  network  of  veins  already  occupies  the 
spaces  between  the  hepatic  buds  but  Greil  only  states  that 
it  is  present.  The  anteriorly  directed  cavity  has  become  con- 
stricted dorso-ventrally  and  the  division  into  ducts  is  more  dis- 
tinct. On  the  left  side  (fig.  37)  there  is  a  ventral  (vl)  and  a 
dorsal  (dm)  projection  of  the  lumen.  On  the  right  side  the  ven- 
tro-lateral  extension  is  prominent.  The  median  ventral  evagina- 
tion  (GB)  has  become  more  pronounced.  There  is  now  the 
b^inning  of  a  lateral  constriction  of  this  evagination  represent- 
ing the  formation  of  a  cystic  duct.    The  anterior  lip  of  the 
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evagination  has  developed  into  quite  a  ridge  separating  t^e  gall- 
bladder from  the  developing  hepatic  ducts.  On  the  ventral 
surface  the  anterior  furrow  separating  liver  and  gall-bladder 
from  yolk-mass  is,  as  before,  the  more  marked. 

Accordii^  to  Shore  ('91)  in  the  frog  the  fiurows  found  in  the 
liver-mass  are  caused  by  the  'tunnelling  in'  of  blood  vessels. 
That  it  is  not  due  only  to  this  is  apparent  in  Amblystoma  where 
sections  of  this  and  other  embryos  show  furrows  in  which  there 
are  no  blood-vessels  (fig.  4).  It  is  important  to  note  that  Shore 
saw  no  vascular  endothelium  in  these  spaces  which  he  r^arded 
as  blood-vessels. 


Fig,  ■*  Sagittal  eectioo  of  ui  embryo  almoet  9  mm.  long.  X  30.  Dkd., 
ductus  choledochua;  F.g.,  foregut;  O.B.,  gall-bladder;  He,  heart;  Li.,  liver;  t»,, 
lung;  Y,  yolk  mass. 

In  uiother  embryo  of  9  mm.  in  length  the  liver  in  cross  sec- 
tion (fig.  5)  appears  as  a  large  oval  mass  with  an  irregular  surface 
showing  deep  furrows  separating  the  developing  ducts.  There  is 
also  a  veey  marked  dorso-ventral  furrow  separating  the  liver- 
mass  into  two  unequal  lateral  portions  of  which  the  left  is  the 
smaller.  The  right  portion  is  marked  by  two  lesser  furrows, 
one  ventral,  the  other  lateral. 

In  10  mm.  embryos  a  beginning  of  the  network  of  anastomos- 
ing trabeculae  can  be  seen.    The  development  of  the  sinusoidal 
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capillary  circulation  in  this  network  has  progreased.  In  the 
11  and  12  nun.  embryos  tiiere  is  a  confusing  network  of  trabeculae 
and  it  is  difficult  to  differentiate  the  main  ducts  from  the  hepatic 
columns.  Shore  believed  that  in  the  frog  the  tubules  were  first 
solid  and  that  later  a  lumen  developed.  Goette  expressed  the 
opinion  that  a  limien  was  present  from  the  earliest  formation, 
though  he  admitted  this  was  hard  to  demonstrate.  The  reason 
of  the  difficulty  of  provii^  this  either  way  is  apparent.  How- 
ever, from  a  study  of  sections  of  Amblystoma  it  would  seem 
that  a  lumen  is  present  from  the  earUest  stages. 


Fig.  5  Trangveree  section  of  embryo  9  mm.  long.  X  30.  F.g.,  foregut;  L, 
left  portion  liver;  R,  right  portion  liver. 

Fig.  6  TransveraeMctioiiof  an  embryo  11.6  mm.  long.  X  30.  F.g.,tongat; 
OB.,  g&ll-blsdder;  L.,  liver. 

S.  Position  of  the  organ  during  development 

At  a  stage  represented  by  11.5  mm.  embryos  there  is  a  shift- 
ing to  tie  right  particularly  of  the  caudal  end  of  tiie  hver  (fig.  6). 
Such  a  shifting  of  the  posterior  part  of  the  liver  was  noted  at  a 
later  stage  in  Necturus  by  Eyclesbymer  and  Wilson  ('10)  and 
others.  The  reason  for  this  lateralward  shifting  is  probably  the 
pressure  of  the  rapidly  growing  stomach  and  duodenum  which  are 
b^inning  to  take  a  ventral  and  sinistral  position.  It  is  possible 
also  that  the  spleen  which  is  now  a  prominent  ot^aa  in  the  left 
dorsal  region  of  the  body  cavity  has  some  influence  on  this 
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Fig.  7    A  BerieB  of  trauBverae  sectioDs  in  the  region  of  the  liver.    A,  embryo 
of]l3.6  mm.     X  20;  B,  embryo  of  20  mm.     X  IS;  C,  embryo  of  36  mm.     X  10; 
Q.b.,  gall-bladder;  L,  liver;  P.,  pancreas;  Sp.,  spleen;  St.,  stomach;  x,  oitia 
of  ductus  choledochus  into  gut. 
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movement.  Then,  too,  the  ventral  pancreas  forms  quite  a 
mass  in  the  median  ventral  region.  Figures  7  A,  B  and  C  show 
the  lateral  and  upward  shifting  of  the  posterior  portion  of  the 
liver.  .  The  first  drawing  in  each  of  the  series  shows  a  section 
taken  near  the  anterior  end  of  the  liver  which  here  is  median 
and  ventral  in  position  and  occupies  somewhat  more  than  one- 
half  of  the  area  of  a  circle.  The  second  drawings  in  figure  7 
A  and  B  show  a  beginning  of  a  depression  on  the  left  side  caused 
largely  by  the  change  in  shape  and  position  of  the  stomach  and 
duodenum  as  mentioned  above.  Figures  8  to  12  are  cross  sec- 
tions of  embryos  13.5  to  35  mm.  in  length  showing  the  position 
of  the  Uver  at  the  level  of  the  jimction  of  gall-bladder  and  cystic 
ducts.  Here  Hie  lateral  and  dorsal  growth  of  the  liver  is  marked. 
A  somewhat  further  shifting  is  shown  in  the  third  drawing  of 
figure  7  A  and  B  and  the  second  of  7  C.  These  sections  were 
taken  near  the  anterior  extremity  of  the  gall-bladder.  In  all 
of  these  the  liver  is  crescentic  in  transsection  and  extends  up- 
ward almost  to  the  level  of  the  dorsal  wall  of  the  stomach.  The 
last  drawing  in  figure  7  shows  the  relation  of  parts  at  the  level 
of  the  opening  of  the  ductus  choledochus  in  the  gut.  In  all 
cases  a  small  portion  of  the  liver  is  found  dorsal  to  the  duo- 
denum in  this  region  of  the  embryo.  In  an  embryo  45  mm. 
long  the  anterior  end  of  the  liver  is  median  and  ventral  as  de- 
scribed above.  There  is  a  marked  lateral  and  dorsal  growth 
of  the  caudal  end  but  in  this  embryo  there  ik  also  quite  a  marked 
.  ventral  growth  which  would  indicate  that  from  now  on  the 
shifting  to  the  right  will  not  be  so  noticeable,  and  that  there  is 
a  growth  to  the  left  also. 

4.  Development  of  the  biliary  apparattis 

a.  Description  of  the  hepatic  ducts  in  the  adult.  A  description 
of  the  fully  formed  biliary  apparatus  may  be  of  interest  before 
describing  the  developmrait  of  the  hepatic  ducts. 

The  liver  in  the  adult  Amblystoma  is  a  large  organ  extending 
fully  one-half  the  length  of  the  abdominal  cavity  (fig.  13).  It  has 
a  ventral  convex  surface  conforming  to  the  wall  of  the  abdomen 


,d.y  Google 


226 


E.   A.   BAUMGASTNER 


and  is  divided  by  an  indefinite  median  line  into  a  right  and  a 
left  part  of  which  the  left  is  the  longer  fmd  cov^%  the  left  ven- 
tral surface  and  a  part  of  the  lateral  wall  of  the  stomach.  The 
right  portion  or  lobe  though  somewhat  shorter,  covers  the  ven- 


Fig.  8  Transverse  sections  of  an  Amblystoma  embryo  U  mm.  long,  taken 
at  level  of  attachment  of  cystic  duct  to  the  gall-bladder.  X  35.  D,  duodenum ; 
G.B.,  gall-bladder;  Li.,  liver;  P.,  pancreas;  Sp.,  spleen;  St.,  stomach. 

Fig.  9  TranHverae  section  of  an  Amblystoma  embryo  13. S  mm.  long,  taken 
at  the  same  level  as  figure  8.     X  35.    For  abbreviations,  see  figure  8. 

Fig.  10  Transverse  section  of  an  embryo  15  mm.  long,  taken  at  the  same 
level  as  figure  8.     X  35.    For  abbreviations  see  figure  8. 
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tral  surface  of  the  stomach  to  the  right  of  the  midline  and  lat- 
erally extends  well  toward  the  dorsal  wall  of  the  stomach.    There 


Fig.  11  Tr&naverse  section  of  an  embryo  20  mm.  long,  taken  at  the  same 
level  as  figure  8.     X  30.    For  abbreviations  see  figure  8. 

Fig.  12  Transverae  section  of  an  embryo  35  mm.  long,  taken  as  in  figure  8. 
X  IS.    For  abbreviations,  see  figure  8. 
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are  usually  one  or  two  lesser  indefinite  furrows  dividing  the  r^t 
lobe  into  two  or  three  parts.  The  gall-bladder  is  embedded  in 
the  caudal  end  of  the  right  lobe  some  distance  from  its  ven- 
tral Biu^ace.  Only  a  small  part  of  its  rounded  fundus  appears 
beyond  the  hepatic  tissue.  From  the  notch  in  the  liver  caused 
by  the  gall-bladder  the  one  or  two  lesser  furrows  of  the  right 
lobe  extend  forward.  The  gall-bladder  is  a  pear-ehaped  sac 
with   its  larger  end    extending   laterally   and   somewhat   poa- 


Fig.  13  A  dissection  of  aa  Amblystoma  12  cm.  long.  X  I-  The  ventral 
abdominal  wall  has  been  cut  away  and  the  gall  bladder  and  main'  hepatic  ducts 
dissected  out.  D,  duodenum;  D.ehol.,  ductus  cboledochus;  D.ey.,  cystic  duct; 
D.h.d.,  right  hepatic  duct;  D.h.g.,  left  hepatic  duct;  L.L.,  left  lobeHver;  A.L., 
right  lobe  liver;  St.,  stomach. 

teriorly.  The  smaller,  medial  and  ventral  end  projects  for- 
ward and  connects  with  the  short  cystic  duct.  Only  the  hu^e 
blind  end  of  the  gall-bladder  receives  a  peritoneal  covering, 
the  remainder  is  embedded  in  hepatic  tissue. 

There  are  two  main  hepatic  ducts.  These  unite  to  form  a 
common  bile-duct  of  variable  length  which  may  be  joined  by  the 
pancreatic  duct  just  before  opening  into  the  gut  (fig.  14).  Quite 
often,  however,  the  pancreatic  duct  opened  into  the  gut  immedia- 
ately  beside  the  ostium  of  the  common  bile-duct.    The  ductus 
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choledochus  is  embedded  for  some  distance  in  the  long  narrow 
pancreas  lying  on  the  anterior  surface  of  tiie  duodenum  and 
finally  empties  into  the  anterior  side  of  the  gut  near  the  ventral 
surface. 

.  The  right  hepatic  duct  is  divided  into  lateral  and  medial 
rami.  The  lateral  ramus  divides  into  medial  and  lateral 
branches.  Generally  the  cystic  duct  op^is  into  the  latter 
(fig.  14  and  16).    However,  sometimes  the  cystic  duct  is  one  or 


L.R.m.s 
Lattral  branch 
rritdial  ramus 


of  Mff  rtt^io/  romva 


Fig.  14    Diagrammatic  drawing  of  the  gall-bladder  and  hepatic  ducts  of  a 
Amblystoma. 
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even  two  divisions  lurther  removed  from  the  common  duct, 
as  shown  in  figure  17  and  44.  In  a  graphic  reconstruction  of 
the  biliary  apparatus  of  a  7  cm.  embryo  (fig.  15)  the  cystic 
duct  joins  the  right  lateral  ramus  as  is  shown  also  in  figure  43. 
The  hepatic  radicle  to  which  the  cystic  duct  is  attached  shortly, 
divides  into  trabeculae  beyond  this  point.  The  right  medial 
hepatic  ramus  divides  and  subdivides  into  branches  as  shown 
in  figure  14.  Its  branches  sometimes  anastomose  with  the 
branches  of  the  right  lateral  or  left  medial  ramus  (fig.  17). 

The  left  hepatic  duct  is  genendly  shorter  and  of  slightly  smaller 
diameter  than  the  right  one,  as  well  as  more  ventral  in  position. 
It  is  divided  as  the  latter  into  lateral  and  medial  rami.  The 
left  medial  ramus  sometimes  joins  the  right  medial  ramiis  as 
shown  in  figure  16,  and  this  duct  then  subdivides  as  a  single 
one.  Frequently,  however,  the  left  medial  ramus  runs  anteriorly 
subdividii^  into  smaller  branches  of  which  some  may  anasto- 
mose with  those  of  the  right  medial  (fig.  17).  The  left  lateral 
ramus  is  shortly  divided  into  two  of  which  the  lateral  either 
turns  caudally  (fig.  44)  or  s^ids  out  branches  that  go  to  the 
posterior  portion  of  the  longer  left  lobe. 

b.  Development  of  the  ductus  choledochus.  The  ductus  chole- 
dochus  in  9  mm.  embryos  is  still  very  wide  and  short.  The  origi- 
nal caudalward  projection  from  the  gut  cavity  has  disappeared 
and  there  is  only  the  anteriorly  directed  common  duct.  In  a 
model  of  an  embryo  9  nun.  long  the  ductus  choledochus  is  wide 
transversely  but  constricted  dorso-ventrally  (fig.  37  and  38). 
It  is  attached  at  the  anterior  side  of  the  now  ventrally  directed 
gut.  At  11  mm.  the  duodenum  has  turned  ventrally  and  folded 
to  the  right.  A  very  much  constricted  and  short  common 
duct  is  attached  to  its  superior  anterior  surface.  In  a  13  mm. 
embryo  the  common  duct  is  attached  to  the  anterior  surface 
of  the  cranial  fold  of  the  duodenum.  As  before,  the  duct  is 
small  and  short,  soon  dividing  into  right  and  left  hepatic  ducts. 
The  epithelial  lining  of  the  duct  still  contains  yolk-^ranulee 
and  except  for  a  quite  irregular  but  prominent  limaen  is  very 
much   like  the  hepatic  ducts.     Indeed   the  difference  in    the 
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lining  cells  of  this  duct  and  those  of  the  hepatic  trabeoulae  is 
not  great. 


Fig.  15  Graphic  reconstruction  (lateral  view)  of  an  Amblyatoma  7  cm. 
long.  X  !&■  D.ekoL,  ductus  choledochus;  D.ey.,  oyatic  duct;  D.h.d.,  right 
hepatic  duct;  D.h.i.,  left  hepatic  duct;  D.P.,  pancreatic  duct;  O.B.,  gall-bladder; 
L.Br.,  left  branoh  of  common  ramus;  L.R.l.d.,  lateral  branch  right  lateral  ramus; 
L.R.l.f.,  lateral  branch  left  lateral  ramus;  L.R.m.d.,  lateral  branch  right  medial 
ramus;  L.R.m.9.,  lateral  branch  left  medial  ramus;  M.R.i.d.,  medial  branch 
right  lateral  ramus;  M.R.I.*.,  medial  branch  left  lateral  ramus;  M.R.m.d.,  medial 
branch  right  medial  ramus;  M.R.m.t.,  medial  branch  left  medial  ramus;  R.Br., 
right  branch  of  oommon  ramuB;  R.l.d.,  right  lateral  ramus;  R.l.i.,  left  lateral 
ramus;  R.m.d.,  right  medial  ramus;  R.m.a.,  left  medial  ramus. 

fig.  16  Graphic  reconstruction  (ventral  view)  of  an  Amblystoma  10  cm. 
long.    X  IS.    For  abbreviationa,  see  figure  15. 

Fig.  17  Graphic  reconstruction  (lateral  view)  of  an  Amblystoma  15  em. 
long.     X  15.    For  abbreviations,  see  figure  15. 
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In  another  embryo  of  approximately  13  mm.  length,  which 
is  Bomewhat  more  advanced,  the  ductus  choledochus  is  longn 
and  of  larger  caliber  (figs.  18  and  19).  It  is,  however,  still 
attached  to  tbe  cranial  surface  of  the  anterior  fold  of  the  duo- 
denum. The  epithelium  here  is  now  definitely  columnar  in 
type,  though  yolk-^;ranules  are  still  present.  Id  this  case  the 
pancreatic  duct  is  attached  near  the  gut  to  the  common  duct.* 
In  an  embryo  13.5  mm.  long  the  ductus  choledochus  (fig.  7-A) 
is  attached  in  a  fold  to  the  left  side  of  the  gut.  The  duct  here 
is  large  but  shortly  divides  into  the  right  and  left  hepatic  ducts. 
The  attachment  of  the  duct  to  the  left  wall  of  the  gut  is  to  be 
seen  in  a  less  completely  developed  embryo  14  mm.  long.  From 
now  on  the  common  duct  is  attached  to  the  left  side  of  the  gut 
which  is  faced  somewhat  cranlalward,  due  to  its  growth  anteriorly 
and  to  the  right.  The  length  of  the  common-  bile-duct  before 
its  division  varies.  In  a  35  mm.  embryo  modelled  the  com- 
mon duct  is  quite  long  and  has  a  distinct  turn  shortly  before 
it  entered  the  gut.  Here  again  the  pancreatic  duct  opens  into 
the  common  duct.  There  has  been  a  continual  change  of  posi- 
tion of  the  two  ducts  from  the  earliest  stage  to  the  fully  developed 
one.  In  an  embryo  13  mm.  long  a  distinct  pancreatic  duct  is 
seen  ventral  to  the  common  duct.  In  the  further  development 
with  the  gradual  rotation  of  the  liver  to  the  right  there  has 
been  a  change  in  position  of  the  common  duct  until  in  the  35 
nun.  embryo  it  Ues  to  the  left  of  the  pancreatic  which  is  the 
condition  found  in  the  adult  (fig.  44). 

c.  Development  of  the  major  hepatic  ducta.  The  earliest  indi- 
cation of  the  hepatic  ducts  was  pointed  out  in  the  description 
of  the  formation  of  the  liver.  In  a  model  of  an  embryo  approxi- 
mately 5  mm.  long,  as  previously  stated,  the  cavity  of  the  early 
hepatic  anlage  extends  far  laterally.  On  either  side  the  cavity 
is  constricted  dorso-ventrally.     From  the  drawings  shown  by 

*  In  the  further  study  of  the  pancreas  it  was  found  that  thiaductwiis  attached 
by  means  of  a.  small  tubule  to  the  left  side  of  the  ventral  duct  of  the  pancreas. 
The  epithelial  lining  resembled  that  of  the  gall-bladder,  for  which  this  duct 
was  mistaken  at  first.  It  might  very  well  be  a  pancreatic  bladder.  The  pan- 
creatic duct  in  this  embryo  was  to  the  right  of  the  enlarged  duct. 
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Choronshitzky  it  ie  probable  his  lateral  cylindrical  extensions 
are  the  early  hepatic  ducts.  In  Amblystoma  these  lateral  ex- 
trasions  form  only  the  lateral  rami  of  the  hepatic  .ducts.  The 
medial  rami  are  shown  in  the  model  of  an  embryo  about  7  mm. 


Fig.  18  Or&phic  reconatruotiDii  (lateral  view)  of  the  biluuy  kpp&rfttua  of 
no  Ambl7fltoma  embryo  13  mm.  long.  X  100.  Z>.,  duodenum;  D.eAoI.,  ductus 
oholedochuB;  D.h.d.,  right  bepatic  duct;  D.ey.,  cystic  duct;  O.b.,  gall  bladder; 
R.l.d.,  right  lateral  nuniu;  R.l.».,  left  lateral  ramus;  A.m.d.,  right  medial  ramus; 
R.m.t,,  left  medial  ramus;  P.D.,  paaoreatic  duct. 

Pig.  19  Oraphio  reconstruction  (lateral  view)  of  the  biliary  apparatus  of 
an  embryo  approximately  13.5  mm.  long.  X  100.  For  abbreviations  see  figure 
18. 

long  (fig.  36).  On  the  right  side  in  this  model  there  is  a  lateral 
extension  of  the  hepatic  lumen.  A  longitudinal  ridge  in  tiie 
floor  of  this  side  shows  a  beginning  constriction  into  lateral  and 
medial  rami.  The  medial  ramus  is  more  dorsal  in  podtion  and 
appears  as  a  swelling  on  the  outer  surface.    On  the  left  side  there 
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is  a  wide  cavity.  On  the  external  surface  there  is  a  slight  dorso- 
ventral  furrow,  an  indication  of  the  b^jnning  division  into 
lateral  and  medial  rami. 

In  an  anbryo  approximately  9  mm.  long  the  right  side  shows 
a  more  marked  lateral  ramus.  The  medial  atill  somewhat  dorsal 
ramus  is  to  be  seen  (fig.  37).  Here  the  left  side  shows  a  marked 
dorso-medial  and  a  ventro-lateral  prolongation.  The  outer 
surface  of  both  sides  of  the  organ  shows  nuuLy  projections,  the 
b^inning  of  tubules  from  these  main  rami.  The  cystic  duct 
though  slightly  to  the  right  shows  more  of  a  constriction  from 
that  side.  The  anterior  Up  of  the  cystic  evagination  also  is 
very  prominent. 

The  rami  are  formed  from  the  early  hepatic  ducta  by  a  cau- 
dalward  constriction  and  by  elongation.  Mitotic  figures  are 
to  be  seen  at  this  stage  but  are  more  numerous  in  later  ones.  As 
is  true  of  fishes  (Scammon  '13)  there  is  a  relative  and  actual 
reduction  in  the  size  of  these  ducts. 

In  another  9  mm.  embryo  the  development  of  the  ducts  is 
seen  to  have  progressed  rapidly  (fig.  38).  Numerous  mitotic 
figures  are  to  be  seai  in  different  sections  indicating  a  rapid 
growth  of  the  ducts.  There  are  distinct  right  Mid  left  hepatic 
ducts  which  show  a  marked  growth.  There  is  a  medial  longitud- 
inal ridge  in  the  ventral  wall  of  the  ductus  choledochus  indi- 
cating a  caudalward  progressing  constriction  and  divi^on  (fig. 
38).  The  cystic  duct  {D.  q/.)  is  distinctly  diffa-entiated  and 
attached  to  the  ri^t  of  the  beginning  constriction  in  the  common 
duct.  It  extends  ventrally  and  somewhat  towards  the  right. 
The  right  hepatic  duct  as  seen  in  figure  38,  and  in  a  figure  of  a 
model  of  the  cavity  of  ducts  (fig.  20)  is  divided  into  a  lateral  and 
a  dorso-medial  ramus.  The  lateral  ramus  is  further  divided  into 
lateral  dorsal  and  medial  ventral  branches.  The  left  ramus  also 
has  medial  and  lateral  divisions. 

In  embryos  from  10  to  12  mm.  in  length,  the  trabeculae  pre- 
sent a  confusing  network.  The  epithelium  of  both  the  hepatic 
ducts  and  trabeculae  are  heavily  laden  with  yolk-granules,  and 
that  of  the  ducts  is  not  yet  differentiated  into  a  distinct  columnar 
type.    However,  the  right  and  left  h^atic  ducts  are  clear.    In 
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an  11  nun,  embryo  the  right  duct  ia  diatinctly  divided  into  lateral 
and  medial  rami.  A  short  cystic  duct  is  attached  to  the  caudal 
end  of  the  lateral  ramus  and  on  its  ventral  side.  In  an  embryo 
somewhat  less  than  13  mm.  long  the  same  arrangement  of  a 
short  common  duct  and  right  and  left  hepatic  ducts  is  present. 
The  right  duct  is  divided  into  the  medial  and  lateral  rami.  The 
cystic  duct  here  projects  somewhat  to  the  left  and  dorsalward 
connecting  as  before  with  the  right  lateral  ramus. 

In  a  graphic  reconstruction  of  a  13  mm.  embryo  (fig.  18) 
the  right  hepatic  duct  is  divided  into  lateral  and  dorso-medial 
rami.    The  short  cystic  duct  extends  upward  and  opens  into  the 


Fig.  20  Anterior  view  of  &  reconstruction  of  the  lumina  of  hepatic  ducte 
and  gall'bladder  of  a  9  mm.  embryo.  X  100.  D.h.d.,  right  hepatic  duct;  D.k.s., 
left  hepatic  duct;  Q.b.,  gall  bladder;  R.l.d.,  right  lateral  romua;  R.l.t.,  left  lateral 
nunus;  R.m.d.,  right  medial  ramus;  R.m.a.,  left  medial  ramus. 

right  lateral  ramus.  A  short  lateral  branch  is  the  only  other 
division  of  the  r^t  lateral  ramus.  The  dorso-medial  branch 
shortly  breaks  up  into  trabeculae.  The  left  duct  is  also  divided 
into  rami.  The  differentiation  of  hepatic  ducts  from  trabeculae 
is  now  clearer  as  the  epithelium  of  the  former  is  columnar  in 
type.  ■ 

In  figure  19  from  an  embryo  less  than  1  mm.  longer  than  the 
above,  the  formation  of  ducts  is  seen  to  have  continued.  The 
right  hepatic  duct  is  divided  into  lateral  and  medial  rami,  each 
of  which  is  further  divided  into  dorsal  and  ventral  branches. 
The  same  holds  true  in  a  general  way  for  the  left  hepatic  duct 
and  its  divisions. 
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In  the  ventral  view  of  the  model  of  a  14  mm.  embryo  (fig.  39) 
the  relation  of  pancreatic  duct  to  the  common  duct  is  shown. 
The  short  thick  common  duct  divides  into  right  and  left  hepatic 
ducts  (figs.  39  and  40).  They  lie  in  almost  the  same  horizontal 
plane  and  are  of  about  the  same  diameter,  but  the  right  is  the 
shorter,  dividing  almost  immediately  into  its  lateral  and  medial 
rami.  In  a  13.5  mm.  embryo  (fig.  41)  the  r^ht  hepatic  duct  is 
of  larger  diameter  than  the  left.  In  a  15  mm.  embryo  the  com- 
mon duct  is  very  short  (fig.  42).  The  right  and  left  hepatic 
ducts  here  are  very  long  as  compared  with  those  in  othw  embryos. 
The  left  duct  has  come  to  lie  in  a  more  ventral  plane  due  to  the 
shifting  of  the  whole  posterior  part  of  the  liver  and  gall-bladder 
to  the  right.  The  same  is  true  to  a  greater  extent  for  the  left 
ducts  in  the  20  and  35  mm.  embryos  (figs.  43  and  44).  In  a  20 
mm.  embryo  the  right  hepatic  duct  is  the  shorter  as  it  is  in  a 
35  mm.  embryo.  In  a  35  mm.  stage  the  left  hepatic  duct  is 
almost  ventral  to  the  right.  The  same  holds  true,  for  a  45  mm. 
embryo.  In  the  adult,  however,  the  left  duct  is  again  more 
lateral  to  the  right,  but  still  somewhat  more  ventral. 

d.  Development  of  the  minor  hepatic  dticts.  Right  lateral  ramus. 
The  right  hepatic  duct  in  a  14  mm.  stage  is  divided  into  lateral 
and  medial  rami  and  the  right  lateral  ramus  is  subdivided  into 
lateral  and  medial  branches  (fig.  39).  The  short  cystic  duct 
is  attached  to  the  lateral  branch.  The  medial  branch  (fig.  40) 
gives  off  several  tubules  in  an  oblique  dorso-ventral  plane.  In 
a  13.5  mm.  embryo  the  right  lateral  ramus  is  quite  ventral  to 
the  medial  one  (fig.  41).  As  in  the  earUer  stage,  it  is  divided 
into  lateral  and  medial  branches.  The  cystic  duct  which  is  now 
directed  almost  horizontally,  is  attached  to  the  right  side  of 
the  lateral  branch.  The  anterior  portion  of  the  lateral  branch 
anastomoses  with  a  duct  from'  the  right  medial  ramus.-  In  a 
15  nun.  embryo  (fig.  42)  the  right  lateral  ramus  is  shorter  than 
in  the  preceding  specbnen.  "nie  right  hepatic  duct  is,  however, 
longer  so  that  the  cystic  duct  is  attached  to  the  lateral  brandi 
farther  from  the  gut.  The  lateral  branch  here  divides  into  dor- 
sal and  ventral  branches.'  In  a  20  mm.  ^nbryo  the  right  lateral 
ramus  is  very  short  (fig.  43).    In  position  it  is  now  somewhat 


,d.y  Google 


DEVELOPMENT  OP   LIVER   AND   PANCREAS  237 

dorsal  to  the  right  medial  ramus.  It  soon  breaks  up  into  dorso- 
lateral and  ventro-medial  branches.  Both  of  these  branches 
are  very  long.  At  the  attachment  of  the  cystic  duct  to  the  lateral 
branch  there  is  a  further  division  of  the  lateral  again  into  medial 
and  lateral  radicles.  The  medial  branch  has  anastomoses  with 
the  right  medial  hepatic  ramus.  Its  further  division  is  in  a 
dorso-ventral  plane.  In  a  35  mm.  embryo  the  right  lateral 
ramus  divides  into  dorsal  and  ventral  branches  (fig.  44).  There 
is  another  division  of  the  dorsal  branch  and  the  cystic  duct  is 
attached  to  the  dorsal  one  of  this  last  division.  Frequent  an- 
astomoses are  formed  between  the  tubules  of  the  dorsal  and  ven- 
tral branches,  and  between  those  of  the  dorsal  branch  and  those 
from  the  right  medial  hepatic  ramus,  as  also  of  the  left  medial 
ramus. 

Right  medial  ramus.  The  right  medial  hepatic  ramus  of  a 
14  nrni.  embryo  as  shown  by  model  is  very  simple  (fig.  39).  It 
joins  with  the  left  medial  ramus,  the  further  division  of  this 
common  ramus  is  into  right  and  left  branches.  The  division  of 
the  medial  ramus  is  very  short  and  its  lateral  and  medial  branches 
long.  Caudally  directed  tubules  are  given  off  from  the  lateral 
branch.  The  medial  branch  here  is  connected  with  the  right 
lateral  ramus.  The  medial  branch  divides  dorso-ventrally 
into  tubules.  In  a  15  mm.  embryo  (fig.  42)  the  medial  hepatic 
ramus  is  again  very  simple.  It  is  short  and  divides  into  latere 
and  medial  branches  of  which  the  latter  is  given  off  almost  at 
right  angles  and  from  its  anterior  surface  are  given  off  several 
tubules.  The  medial  hepatic  ramus  in  a  20  mm.  embryo  as  in  a 
14  mm.  one  is  joined  with  the  left  medial  ramus  (fig.  43).  The 
resulting  common  ramus  divides  into  a  r^t  dorsal  (R.  Bt.) 
and  a  left  ventral  branch  (L.  Br.).  From  the  right  dorsal  branch, 
dorao-lateral  tubules  are  given  off  some  of  which  are  directed 
caudally.  In  a  35  mm.  embryo  (fig.  44)  the  right  medial  ramus 
is  on  the  same  horizontal  plane  as  the  right  lateral.  Its  divisions 
are  also  into  dorsal  and  ventral  branches.  Many  anastomoses 
are  ionnd  between  the  tubules  of  this  ramus.  Tubules  from 
this  ramus  join  those  from  the  right  lateral  and  from  the  left 
medial  ramus. 
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Left  medial  ramus.  The  left  medial  ramus  is  joined  to  the 
right  medial  in  a  14  mm.  aubryo  (fig.  39).  In  a  13.5  mm. 
embryo  the  left  medial  is  long  and  divides  into  dorsal  and  venr 
tral  branches  (fig.  41).  Also  in  a  15  nun,  embryo  is  the  left 
medial  ramus  quite  loi^  (fig.  42).  It  divides  into  medial  and 
lat^^l  branches  both  of  which  have  dorsal  imd  ventral  tubules. 
The  left  medial  ramus  in  a  20  mm.  onbryo  (fig.  43)  is  joined  to 
the  right.  The  left  ventral  branch  of  this  combined  duct 
divides  shortly  into  dorsal  and  ventral  radicles.  In  a  35  mm. 
embryo  (fig.  44)  the  left  hepatic  ramus  is  quite  long.  Its  anas- 
tomoses with  the  other  rami  have  been  noted.  There  are  also 
several  anastomoses  with  the  left  lateral  ramus. 

Left  lateral  ramus.  In  a  14  nun,  embryo  the  left  lato^  ramus 
is  very  simple,  dividing  into  medial  and  lateral  branches  (fig.  40). 
The  left  lateral  ramus  in  the  next  stage  shows  furiiier  develop- 
ment and  growth  (fig.  41).  In  a  15  mm.  embryo  this  ramus  has 
lateral  branches  given  off  at  quite  fui  angle  (fig.  42).  It  is 
shorter  than  the  left  medial  ramus  and  divides  into  medial  and 
lat^al  branches,  the  latter  sending  tubules  far  out  to  the  side. 
The  left  lat«^  ramus  in  a  20  mm.  stage  is  given  off  nearly  at 
right  angles  to  the  left  hepatic  duct  (fig.  43).  It  divides  into 
dorso-medial  and  v^itro-lateral  branches.  In  this  case  the 
lateral  branch  is  the  longer.  Several  tubules  go  out  laterally 
almost  at  right  angles  aiid  from  these  tubules  hepatic  columns 
go  posteriorly  as  well  as  anteriorly.  In  a  35  mm.  embryo  (%. 
44)  the  left  lateral  ramus  forms  quite  a  network  of  ducts.  Hie 
ventral  branch  makes  an  arch  forward  and  is  then  divided  into 
anterior  and  posterior  branches.  In  an  embryo  45  mm.  long  tihe 
main  hepatic  ducts  are  more  nearly  on  the  same  horizontal  plane. 
Of  these  ducts  the  left  hepatic  has  extended  farther  to  the  left. 

e.  Development  of  the  gaU-bladder  and  cystic  duct.  The  gall- 
bladder appears  somewhat  later  than  the  liver  as  noted  by 
Hammar  ('97).  It  arises  as  a  median  ventral  outpouching 
caudal  to  or  in  the  posterior  end  of  the  hepatic  anlage.  Choron- 
shitzky  has  figured  the  anlage  of  the  bladder  in  a  median,  sagit- 
tal section.  The  structure  is  shown  as  a  slight  depression  de- 
veloping from  the  gut,  at  the  entrance  of  the  common  duct,  and 
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a  definite  fold  is  shown  between  this  suid  the  ventrally  extendii^ 
Imnen  of  the  hepatic  anlage.  Greil  ('05)  showed  the  gall-bladder 
in  a  Bombinator  embryo  of  7  mm.  length  caudal  to  the  hepatic 
tissue  but  more  closely  connected  with  the  liver  than  with  the 
yolk-maas  behind  it.  In  an  embryo  approximately  7  mm. 
loi^,  which  is  undoubtedly  mi  earlier  stt^e  in  Amblystoma 
(fig.  3)  there  is  no  distinct  fold  between  the  gall-bladder  and 
liver-anlage.  Only  a  slight  median  depr^sion  of  the  floor  at 
the  posterior  end  of  the  hepatic  diverticulum  is  present.  No 
difference  is  shown  by  ordinary  stains  in  the  epithelium  lining 
this  early  cystic  evagination  and  that  of  the  liver.  Not  until 
later  does  the  epithehum  change  into  the  low  cuboidal  type 
characteristic  of  the  adult  gall-bladder. 

A  Uttle  later  the  depression  in  the  floor  of  the  hepatic  divertic- 
ulum is  considerably  increased  (fig.  36).  The  position  of  the 
gall-bladder  with  reference  to  the  opening  of  the  hepatic  anlage 
has  not  changed.  In  a  model  of  Uver  and  gall-bladder  of  a 
9  mm.  embryo  (fig.  37)  the  evagination  is  quite  deep.  There  is 
a  distinct  lat^al  constriction  of  the  dorsal  opening  of  the  gall- 
bladder and  distinct  anterior  and  posterior  lips  to  the  eval- 
uation, indicating  the  formation  of  a  cystic  duct  (fig.  4).  There 
is  also  a  deep  fiirrow  anterior  to  the  evagination  separating  the 
gall-bladder  from  the  hepatic  anlage.  The  posterior  furrow  is 
even  more  marked.  The  gall-bladder  is,  however,  still  very  wide 
laterally. 

In  another  embryo  approximately  9  mm.  long  the  gall-bladder 
has  a  long  cranio-caudal  diameter.  The  furrow  marking  off 
the  gall-bladder  from  the  hepatic  tissue  laterally  is  distinct. 
Tte  cystic  duct  is  short  and  of  lai^e  diameter  and  it,  as  well  as 
the  gall-bladder,  lies  to  the  right  of  the  midline.  The  cystic 
duct  projects  upward  and  to  the  left  (fig.  21). 

A  section  of  the  gall-bladder  of  an  embryo  11.5  nun,  long 
shows  there  has  been  a  continual  shifting  to  the  right  (fig.  6). 
The  cystic  duct  has  become  longer  but  is  still  of  wide  diameter. 
It  projects  more  to  the  left  and  upward.  The  gall-bladder, 
though  embedded  between  hepatic  tissue  and  caudal  yolk-mass, 
is  completely  separated  from  both  (fig.  22).    In  figure  23  is 
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shown  an  increased  cranlo-caudal  diameter,  although  the  trans- 
verse is  still  the  greater.  The  cystic  duct  here  projects  more 
to  the  left,  still  somewhat  dorsally  and  slightly  backward. 
The  cranio-caudal  diameter  increaaes  rapidly  from  now  on,  and 
the  position  of  the  cystic  duct  would  indicate  that  there  is  a  ihore 
rapid  caudal  growth.    Figure  23  shows  the  model  of  a  gall- 


Fig.  21  Tratuvene  section  of  an  AmblystDma  embryo  9  mm.  long,  taken 
in  the  region  of  the  gall  bladder.  X  30.  D.ehal.,  ductus  choledochuB;  F.g., 
foregut;  D.ey.,  cystic  duct;  O.b.,  gsU-Uadder. 

Fig.  22  Sagittal  section  of  an  embryo  12.5  mm.  long.  X  30.  F.g.,  foregut: 
Q.b.,  gall-bladder;  Li.,  liver. 


6  0 


Fig.  23    Drawing  of  a  model  of  the  gall-bladder  of  an  Amblyatoma  14  mm. 
long.    A,  anterior  view;  B,  left  lateral  view.     X  40. 

bladder  of  an  embryo  almost  14  mm.  long.  The  cystic  duct 
attached  near  the  anterior  end,  projects  to  the  left  and  dorsally. 
In  two  graphic  reconstructions  of  embryos  13  and  13.5  nun. 
in  length  respectively  (figs.  18  and  19),  the  gall-bladder  is  at- 
tached by  a  short  and  constricted  cystic  duct  to  a  radicle  of  the 
right  hepatic  duct.  In  figure  18  the  cystic  duct  leads  from  the 
anterior  dorsal  end  of  the  gall-bladder  to  the  left,  caudally  and 
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somewhat  dorsally,  the  gall-bladder  being  distinctly  to  the  right 
of  the  midline.  In  figure  19  the  larger  of  these  two  aubryos  the 
cystic  duct  is  not  quite  at  the  anterior  end,  but  the  cranio- 
caudal  length  of  the  gall-bladder  is  distinctly  greater.  The 
general  direction  of  the  cystic  duct  is  the  same.  The  gall- 
bladder is  relatively  as  far  caudally  here  as  the  one  shown  in 
figure  18.  From  the  connection  of  the  cystic  duct  to  the  gall- 
bladder, it  appears  that  there  has  been  a  marked  growth 
cranialward. 

In  an  embryo  14  mm.  (fig.  39)  long  the  gall-bladder  has 
decidedly  increased  in  its  eranio-caudal  diameter.  In  trans- 
verse section  it  is  almost  circular.  The  cystic  duct  is  of  very 
small  diameter  as  compared  with  its  earlier  size.  It  projects 
now  somewhat  upward  but  ahnost  directly  to  the  left,  due  to 
the  increased  lateral  shifting  of  the  liver  and  the  gall-bladder. 
In  this  ^nbryo  the  cystic  duct  is  attached  to  the  extreme  ante- 
rior dorsal  end  of  the  gall-bladder. 

Figure  41  is  of  a  model  of  a  13.5  mm.  embryo.  In  this  the 
general  shape  of  the  gall-bladder  is  the  same  as  of  the  one  just 
described,  except  that  there  is  a  slight  increase  in  the  vertical 
diameter  (fig.  9).  The  cystic  duct,  however,  is  not  attached 
at  the  extreme  anterior  end  but  to  the  left  upper  side.  It  ex- 
tends towards  the  left  as  before  but  is  now  almost  horizontal. 

In  a  15  mm.  embryo  the  attachment  of  cystic  duct  to  the 
gall-bladder  is  further  caudalward  than  the  previous  one  (fig. 
42).  This  seems  to  mark  the  limit  in  its  caudal  attachment  for 
all  sizes  examined.  It  would  be  difficult  to  say  whether  this 
shifting  in  attachment  of  the  duct  to  the  gall-bladder  were  due 
to  a  difference  in  the  antero-posterior  growth  of  the  gall-bladder 
or  to  the  rapidity  of  differentiation  and  growth  of  hepatic  ducts. 
The  cystic  duct  in  this  embryo  extends  toward  the  left,  but 
now  slightly  ventnilly,  which  can  be  taken  as  evidence  of  con- 
tinued rotation  to  ihe  right  and  dorsalward  of  the  entire  biliary 
apparatus  (fig.  10). 

Marshall  ('93)  has  described  the  gall-bladder  of  amphibians 
developing  as  a  lateral  outgrowth  from  the  bile  ducts.     From 
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its  pc^tion  at  this  stage  one  could  easily  be  led  to  such  a 
conclusion. 

The  gall-bladder  of  a  20  mm.  embryo  shows  a  very  distinct 
dorso-ventral  increase  in  diameter  (fig,  11).  With  this  there 
has  been  a  marked  cranio-caudal  ler^thening  (fig.  43).  The 
relative  size  of  the  gall-bladder  is  now  greater.  As  before  indi- 
cated, the  cystic  duct  is  here  again  nearer  the  anterior  end,  it 
fflrtends  towards  the  left  and  now  distinctly  ventralward  (fig.  11). 
A  right  lateral  and  slightly  ventral  view  of  the  gall-bladder  is 
shown  in  figure  43. 

In  a  35  mm.  embryo  (fig.  44)  the  vertical  diameter  of  the  gall- 
bladder has  greatly  increased.  The  cystic  duct  is  now  in  the  left 
anterior  ventral  end  extendii^  ventrally  and  to  the  left.  In  a 
45  mm.  embryo  the  gall-bladder  has  the  same  general  shape  as 
in  the  preceding,  and  the  cystic  duct  has  not  changed  in  jiosition 
(fig.  12). 

In  a  graphic  reconstruction  of  the  biliary  apparatus  of  a  10 
cm.  Amblystoma  the  cystic  duct  extends  to  the  left,  some\diat 
ventrally  ^id  anteriorly  (fig.  16).  The  gall-bladder  is  pear 
shaped  (fig.  13)  with  its  large,  blind  end  projecting  sUghtly  dor^ 
salty  and  to  the  right  but  mainly  caudalward. 

/.  Summary  of  the  devehpment  of  the  inliary  apparatus.  In 
summarising  the  development  of  the  hepatic  ducts  a  table  of 
the  ducts  as  foimd  in  the  various  models  will  bring  out  more 
clearly  their  relations  to  tiie  main  duct.  Table  3a  to  3d  shows 
the  principal  variations  foimd  in  the  hepatic  and  cystic  ducte. 


Ductus  choledochuB 

_L 


I  I 

Left  hepatic  duct  Bight  hepatic  duct 


I  ^1  I" 

Lt.  lat.  ramus,      Lt.  med.  ramus  Rt.  med.  nmus,      Rt.  lat.  ramus 

Branches — Lat.,  Med.      Lat.,  Med.  Med.  Lat.  Med.  Lat. 

I 

Cystic  duct 


^ 


■ioyGoogle 


DEVELOPMENT  OP  LIVER  AND  PANCREAS         243 

Or,  in  case  of  anastomoses  of  the  medial  rami,  as  was  foimd  in 
two  embryos  of  14  and  20  mm.  length  and  two  older  Amblystoma 
of  7  and  10  cm.  length  re£q[>ectively,  the  following  table  is  given: 

TABLE  ab 

Ductus  choledochus 

r ' , 

Left  hepatic  duot  '  Ri|^t  hepatic  duct 

Lt.  lateral  ramus  Common  medial  ramus        Rt.  lateral  ramus 

L 
(" i  I  I  I       I 

Branohes,— L&t.  Med.  Left  Right  Med.Lat. 


I 

Cystic  duct 


The  cystic  duct  is  attached  as  here  shown: 


TABLE  !• 

Right  lateral  ramus 


I  I 

Medial  branch        Lateral  branch 

I 

Cystic  duot 


R^t  Uteral  ramus 

,^ 1 

Medial  branch       Lateral  branch 

„i 

i  I 

Medial  radicle  Lateral  radicle 

I 

-  Cystic  duct 
or  as  foimd  in  a  35  mm.  embryo  and  one  of  the  larger  Ambly- 


From  these  tables  it  will  be  seen  that  sometimes  the  right 
and  left  medial  rami  are  joined.  The  division  of  the  common 
medial  ramus  is  into  right  and  left  branches.     In  their  position 
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and  final  division  these  brajiches  are  the  same  as  the  right 
medial  and  left  medial  rami.  As  will  be  seen  in  figures  of 
the  different  models,  the  smaller  embryos  did  not  have  all  of 
the  divisions  and  subdivisions  marked  in  the  tables.  In  figure 
39,  for  instance,  the  r^t  branch  of  the  common  medial  ramus 
shows  no  further  division,  the  left  branch  only  one.  Further 
division  of  both  is  seen  in  the  20  mm,  stage  (fig.  43).  The 
division  here,  however,  is  more  into  dorsal  and  ventral  radicles, 
due  to  the  more  marked  lateralward  shifting  of  the  liver  and  the 
ducts.  The  extreme  of  this  lateral  shifting  is  seen  in  figure  44, 
where  the  left  hepatic  duct  is  almost  ventral  to  the  right.  The 
left  lateral  ramus  in  a  45  mm.  embryo  does  not  hold  such  a 
ventral  position  with  reference  to  the  left  medial. 

There  seems  to  be  no  definite  rule  in  regard  to  the  anastomos- 
ing of  ducts.  In  a  35  mm.  ranbryo  they  are  the  most  frequent 
and  here  apparently  because  the  ducts  were  crowded  so  close 
together.  That  the  right  and  left  medial  rami  sometimes  join 
and  form  one  duct  is  seen  in  the  models  of  a  14  and  a  20  mm. 
embryo,  also  in  the  graphic  reconstruction  of  a  7  cm.  and  10 
cm.  Amblystoma.  It  would  seem  this  fusion  of  the  ducts  is 
quite  probably  due  to  crowding. 

The  definite  position  of  the  hepatic  ducts  with  reference  to 
the  portal  vein  is  seen  for  all  embryos  (figs.  8  to  12).  The  same 
relation  is  also  found  in  the  adult.  As  a  rule  there  is  a  branch- 
ing of  the  hepatic  ducts  corresponding  to  the  division  of  this 
vessel.  In  the  developing  embryo  the  ducts  are  found  usually 
to  the  right  of  and  ventral  to  the  portal  vein. 

From  the  usual  description  of  the  biliary  apparatus  in  the 
frog  it  would  seem  that  there  is  a  fairly  close  correlation  in  the 
main  features  between  these  two  amphibians.  The  figures  of 
Ecker,  Wiedersheim  and  others  show  a  gall-bladder  connected 
to  a  right  hepatic  duct.  There  is  also  a  left  hepatic  duct,  the 
two  uniting  in  the  pancreas  and  forming  a  ductus  choledochus 
which,  as  usually  described,  is  joined  by  the  pancreatic  duct. 
In  no  case  in  Amblystoma  were  two  cystic  ducts  found  as  is  shown 
for  the  frog.  The  division  into  rami  in  the  frog  as  far  as  the  ducts 
have  been  figured,  seems  to  be  somewhat  different  from  that 
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found  in  Amblystoma.  The  more  marked  divisions  of  the  liver 
into  several  lobes  may  partially  explain  this.  The  duct-system  as 
foxmd  in  Necturus  is  quite  different.  Kingsbury  here  described 
three  hepatic  ducts  opening  into  the  gut.  These  anastomosed 
with  each  other  and  two  were  joined  by  the  ventral  pancreatic 
ducts.  The  third  is  a  duct  direct  from  the  gall-bladder  which, 
however,  anastomoses  with  the  other  hepatic  ducts.  GrOnberg 
('94)  described  three  hepatic  ducts  which  unite  with  the  cystic 
duct  and  form  a  ductus  choledochus  in  Pipa  americana. 

Bates  ('04)  has  described,  the  hepatic  ducts  in  Amblystoma. 
According  to  his  description  there  are  four  heaptie  ducts,  two 
of  which  join  the  bile-duct  in  its  course  through  the  pancreas 
and  the  other  two  just  as  it  opens  into  the  intestine.  It  is  possi- 
ble that  the  two  he  found  joining  the  bile-ducts  are  the  right 
medial  and  lateral  rami,  and  the  other  two,  the  left  medial  and 
lateral  rami.  In  that  case  the  ductus  choledochus  and  the  right 
and  left  hepatic  ducts  were  very  short  as  was  foxmd  in  some  of 
the  material  used  in  this  work.  Or  it  may  be  that  the  two  ducts 
which  joined  the  bile-duct  as  it  opened  into  the  intestine  are  the 
two  pancreatic  ducts  which  have  not  fused  until  just  at  the 
ostium  of  the  hepatic  duct.  The  first  two  ducts  then  would  be 
the  right  and  the  left  hepatic  ducts.  I  have  never  seen  the 
cystic  duct  (bile-duct  as  Bates  terms  it)  open  directly  into  the 
common  hepatic  duct. 

From  the  models  and  drawings  it  will  be  seen  that  the  gall- 
bladder at  first  has  a  wide  dorsal  commimicatlon  just  caudal 
to  the  hepatic  Iimien.  As  this  communication  constricts  there 
is  formed  a  short  large  cystic  duct  extending  dorsally  into  the 
right  hepatic  duct.  With  further  growth  and  division  the  cystic 
duct  extends  more  and  more  to  the  left  until  at  the  15  mm. 
stage  it  is  almost  horizontal  and  at  the  20  mm.  stage  projecting 
ventrally  and  somewhat  anteriorly.  Its  earliest  attachment  is 
to  the  ventral  surface  of  the  common  bile-duct,  but  in  the  lateral- 
ward  shifting  of  the  whole  liver  its  attachment  goes  to  the  left 
side  of  a  right  hepatic  radicle.  The  connection  of  the  cystic 
duct  to  the  gall-bladder  in  early  stages  is  to  its  dorsal  surface 
about  midway  between  cranial  and  caudal  pole.     Somewhat 
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later  the  connection  is  nearer  the  cranial  end  and  usually  reaches 
the  extreme  anterior  end.  The  cranio-caudal  growth  of  the 
gall-bladder  has  k^t  pace  with  the  lengthening  and  difTerentia- 
tion  of  ducts  in  the  13  to  14  mm.  stage.  From  the  relations  in 
a  15  mm.  embryo  it  appears  that  the  gall-bladder  has  shifted 
anteriorly.  In  this  case  the  hepatic  ducts  have  lengthened  more 
than  the  gall-bladder.  At  20  mm.,  however,  there  has  been  a 
marked  increase  in  cranio-caudal  growth  of  Hie  gall-bladder  so 
that  it  is  almost  m  long  as  the  ducts. 

B^inning  about  at  this  stage  the  cystic  duct  is  again  attached 
nearer  the  anterior  end  of  the  gall-bladder.  This  may  be  taken 
as  evidence  that  the  cystic  duct  really  shifts  in  its  attachment 
to  the  gall-bladder.  This  seems  to  be  borne  out  in  some  cases 
by  the  fact  that  its  attachment  to  the  hepatic  ducts  ia  to  a 
division  of  the  lateral  branch  of  the  right  lateral  ramus  instead 
of  to  the  lateral  branch  proper.  In  some  cases  where  the  lateral 
branch  is  quite  long  the  attachment  may  have  remained  to  it. 

Whether  the  gall-bladder  originates  from  the  early  hepatic 
anlage  or  from  the  gut  has  caused  much  discussion.  As  said 
before  Piper  ('02)  thought  this  a  matter  of  interpretation.  The 
more  marked  furrow  caudal  to  the  gall-bladder  might  be  taken 
as  evidence  of  its  belonging  to  the  hepatic  anlage,  also  the  fact 
that  the  same  type  of  yolk-laden  cells  form  hepatic  tissue  and 
gall-bladder.  That  it,  at  least  is  directly  caudal  to  the  hepatic 
Ullage  is  proven  by  the  early  connection  of  its  duct  to  the  common 
bile-duct. 

The  connection  of  the  cystic  duct  probably  depends  to  some 
extent  on  the  extent  of  growth  and  division  of  the  hepatic 
ducts.  It  will  be  remembered  that  in  the  earlier  stages  the 
cystic  duct  opens  into  the  common  duct,  then  into  the  early 
right  hepatic.  In  the  further  growth  and  division  of  the  right 
hepatic  duct  the  cystic  duct  becomes  attached  to  one  of  its  radi- 
cles. As  noted  above,  the  cystic  duct  opens  into  the  lateral 
branch  of  the  right  lateral  ramus  in  all  of  the  embryos  studied 
except  one,  which  was  35  mm.  long. 

That  there  is  considerable  variation  in  the  relative  dorso- 
ventral  position  of  these  main  hepatic  ducts  is  to  be  expected. 
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However,  in  general,  a  study  of  the  models  shows  a  close  simi- 
larity in  their  positions.  There  is  a  constant  rotation  of  the 
liver  towartk  the  right  and  with  this  is  a  similar  one  of  the 
hepatic  ducts.  In  this  rotation  the  right  ducts  come  to  be  more 
dorsal  in  position,  the  left  more  ventral.  The  right  lateral 
divisions  would  thus  be  dorsal  to  the  right  medial  and  the  reverse 
should  be  true  for  the  left.  In  general  such  an  arrangement  is 
found.  A  variation  in  the  length  of  the  different  ducts  is  present. 
However,  there  is  qute  a  definite  relation  in  the  total  lengths 
of  ducts  in  the  different  embryos.  In  a  15  mm.  ranbryo  the 
common  duct  is  quite  short  but  the  greater  length  of  the  hepatic 
ducts  compensates  for  this  reduction.  In  a  35  mm.  embryo  the 
common  duct  is  long,  the  hepatic  ducts  and  their  radicles  divide 
shortly. 

III.    THE  DEVELOPMENT  OF  THE   PANCREAS   AND   PANCREATIC 
DUCTS 

1.  Literature 

The  Uterature  concraiiii^  the  development  of  the  amphibian 
pancreas  like  that  regarding  the  liver  is  divisible  into  two  periods, 
and  Goette's  work  ('75)  may  again  be  said  to  mark  the  begin- 
ning of  the  newer  one.  The  older  observers  mainly  considered 
the  pancreas  as  a  part  of  the  liver,  or  a  modified  lobe  of  that 
organ. 

A  list  of  the  investigators  describing  the  development  of  the 
pancreas  will  be  found  included  in  the  tabular  classification  of 
the  literature  on  the  development  of  the  Uver  (table  2). 

Goette  ('75)  in  his  studies  on  the  development  of  the  Bombin- 
ator  recognized  three  distinct  pancreatic  anlagen,  two  ventral 
and  one  dorsal.  The  dorsal  one  he  described  as  placed  just 
caudal  to  the  gastroduodenal  loop.  The  two  symmetrical  ven- 
tral anlagen  develop  from  the  primitive  hepatic  duct.  Of 
these  the  right  grows  dorsalward  to  join  the  ventral  growing 
dorsal  anlage.  The  right  duct  changes  in  position  until  it  opens 
into  the  left  side  of  the  hepatic  duct.  The  united  right  and  left 
duct  then  separates  from  the  common  bile-duct.     Apparently 
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Goette  considered  the  left  outpouching  as  a  rudimentary  one. 
Later  the  dorsal  duct  disappears,  thus  leaving  but  one  perma- 
nent pancreatic  duct. 

Balfour  ('81)  and  Hertwig  ('88)  described  a  dorsal  outpouching 
of  the  gut  wall  caudal  to  the  level  of  the  common  bile-duct. 

The  development  of  the  pancreas  in  both  Urodela  and  Anura 
was  described  by  Goeppert  ('91).  In  both  he  found  ae  Goette 
had  described,  one  dorsal  and  two  symmetrical  ventral  out- 
pouchings.  A  constriction  of  the  early  dorsal  outgrowth  forms 
a  duct,  while  folds  and  ridges  developing  on  the  blind  end  give 
rise  to  the  glandular  tissue.  The  right  and  left  ventral  ducts 
imite  on  the  right  side  of  the  common  bile-duct.  However,  he 
found  two  pancreatic  ducts  opening  into  the  common  bile-duct 
in  an  adult,  also  three  pancreatic  ducts  that  fused  immediately 
before  opening  into  the  common  bile-duct.  The  nimierous 
dorsal  ducts  which  he  fotmd  in  the  adult  urodeles  he  explained 
are  of  secondary  origin.  He,  too,  found  only  one  pancreatic 
duct  persisting  in  adult  Anura. 

Marshall  ('93)  stated  that  in  the  frog  the  pancreas  developed 
as'  a  pair  of  hollow  outgrowths  caudal  to  the  liver.  Later  the 
ducts  shift  and  open  into  the  bile-duct  instead  of,  as  at  first,  into 
the  intestine. 

Mmot  ('93)  in  his  text  book  of  Mnbryology,  mentioned  that 
in  urodeles  the  dors^  duct  persists,  and  in  Anura  only  the  ven- 
tral duct. 

Weysse  ('95)  and  Stohr  ('95)  both  agreed  with  the  description 
of  Goette  and  Goeppert.  Stohr  was  especially  interested  in  the 
dorsal  pancreatic  anlage.  He  did  not  find  a  double  dorsal 
pancreas  as  had  v.  Kupff^  ('92)  in  one  of  the  ganoids.  He 
beheved  that  the  caudal  dorsal  pancreatic  anlage  described  by 
V.  Kupffer  is  part  of  the  hindgut.  Brachet  ('96)  reviewed  the 
descriptions  of  earlier  investigators. 

Woit  ('97),  a  student  of  v.  Kupffer,  and  probably  influenced 
by  his  views,  in  his  work  on  the  development  of  the  spleen 
stated  that  the  dorsal  pancreas  gives  rise  to  the  spleen  as  well 
as  to  a  part  of  the  adult  pancreas  in  urodeles.  He  described  two 
persisting  ducts  in  urodeles. 
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Gianelli  ('99)  described  an  "intrah^jatic  pancreas"  in  Triton, 
the  tubules  of  which  are  in  intimate  relation  with  the  liver^ 
tubules,  and  it  is  stated  by  him  are  continuous  with  them. 

Reuter  ('00)  made  mention  also  of  the  early  appearance  of 
the  dorsal  and  ventr&l  pancreas.  Both  arise  from  the  anterior 
part  of  the  midgut  region  (Anfan^darm)  from  the  yolk-cells. 
The  pancreas,  as  well  as  the  hver,  is  found  in  the  gastro-duodeoal 
loop  as  soon  as  this  is  formed,  and  both  are  at  first  to  the  right 
and  dorsal  to  the  intestinal  spiral. 

Choronahitzky  ('00)  described  in  Necturus  and  the  frog  two 
lateral  outpouchings  from  the  ewly  hq>atic  duct.  These  two 
lateral  outpouchii^  form  the  ventral  ducts,  later  they  unite 
posterior  (ventral)  to  the  common  duct.  He  described  two  ducts 
in  the  adult  urodeles. 

Gianelli  ('02)  described  three  distinct  pancreatic  anlagen  in 
Triton.  The  dorsal  anlage  develops  first.  The  ventral  anlagen 
develop  from  the  posterior  end  of  the  hepatic  outpouching  as 
two  masses  of  vitelline  cells  into  which  the  lumen  of  the  hepatic 
evagination  later  extends.  The  right  and  left  outpouchings 
both  fuse  with  the  dorsal  pancreas.  The  ventral  pancreatic 
duct  formed  from  both  pancreatic  uilagen  opens  into  the  hepatic 
duct.  The  left  pancreas  remains  in  intimate  relation  with  the 
liver. 

Braim  ('06)  described  the  early  development  of  the  pancreas 
in  Alytes  obstetricans.  He  found  a  dorsal  and  two  ventral 
pancreatic  ^agen,  which  are  first  to  be  recognized  as  swellings 
of  the  yolk-gut  wall  and  by  the  more  numerous  nuclei.  The 
ventral  anlagen  are  caudal  to  the  anlage  of  the  hepatic  duct. 
The  right  ventral  pancreas  is  somewhat  more  caudal  than  the 
left,  joins  the  dorsal  pancreatic  outpouching  and  later  joins  with 
the  left  ventral  pancreas.  The  dorsal  outpouching  looses  its 
connection  with  the  yolk-gut  soon  after  coming  in  contact  with 
tiie  right  ventral  pancreas.  The  cells  formii^  the  pancreas  are 
at  this  time  still  undifferentiated  yolk-cells.  Differentiation  of 
the  cells  and  glandular  development  take  place  at  the  same  time. 
The  early  ventral  outpouchings  develop  into  the  pancreatic 
ducts  which  imite  just  before  opening  into  the  gut  to  the  right  of 
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the  hepatic  duct.  The  pancreas  in  the  adult  lies  in  the  gastro- 
duodenal  loop. 

Eycleahymer  and  Wilson  ('10)  described  the  two  ventral 
anlages  as  dorso-lateral  to  the  ductus  choledochus.  These 
appear  some  time  after  the  single  dorsal  anlage,  and  union  with 
the  dorsal  pancreas  does  not  take  place  until  the  embryo  reaches 
a  length  of  about  29  mm.  They  found  that  the  dorsal  duct  opens 
into  the  duodenum  just  caudal  to  the  stomach,  and  also  mentioned 
two  ventral  ducta. 

It  is  generally  agreed  by  those  who  have  described  the  duet 
system  in  the  adult  urodeles  that  at  least  two  ducts  persist. 
Hyrtl  ('65)  by  means  of  injection  in  adult  CryptobranchuB 
found  two  pancreatic  ducts,  one  of  which  joined  the  hepatic 
duct.  Oppel  ('89)  in  Proteus  has  described  an  anterior  and  a 
posterior  set  of  ducts,  the  latter  emptying  into  the  ductus 
choledochus.  Kingsbury  ('94)  found  one  anterior  duct  opening 
just  behind  the  pylorus,  and  two  caudal  ducts  which  open 
separately  into  the  ductus  choledochus.  One  pancreatic  duct 
has  been  described  as  persisting  in  adult  Anura.  Bates  ('04) 
stated  that  the  pancreatic  ducts  join  the  hepatic  ducts  as  they 
pass  through  the  pancreas. 

2.  Early  development  of  the  pancreas  and  pancreatic  ducts 

As  stated  in  the  description  of  the  liver,  the  pancreas  devdops 
later  than  that  organ.  A  well  marked  dorsal  pancreaa  is  to  be 
found  in  embryos  8  mm.  long.  A  mass  of  cells  in  the  dorsal 
wall  of  the  enteron  is  separated  by  a  distinct  transverse  furrow 
from  the  anlage  of  the  stomach  in  front  and  from  the  yolk- 
mass  behind.  Mitotic  figures  are  to  be  found  in  this  mass  of 
cells. 

In  embryos  about  9  mm.  long  there  are  three  pancreatic 
anlagen,  two  ventral  and  one  dorsal,  as  has  been  described  for 
other  amphibia.  The  two  ventral  anlagen  appear  as  evapna^ 
tions  posterior  to  the  hepatic  outpouching  and  caudal  to  the 
ventral-lyii^  gall-bladder.  The  evaginations  of  the  pMicreas  on 
the  ventral  wall  of  the  gut  extend  in  a  longitudinal  direction  for 
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some  distance.  Anteriorly  there  is  quite  a  distinct  furrow  between 
the  liver  and  the  pancreaB.  A  model  of  this  stage  (fig.  24)  shows 
the  outpouchings  of  the  pancreas  and  of  the  gall-bladder  and 
liver  anteriorly.  Posteriorly  there  is  no  sharp  demarcation  of 
the  pancreas  from  the  yolk-maas  and  gut,  A  model  of  the 
lumina  of  the  pancreatic  evaginations  and  of  the  gall-bladder 
and  hepatic  ducts  makes  the  position  of  the  different  parts  with 
refei'ence  to  the  antero-posterior  plane  more  clear  (fig.  25).  At 
this  stage  the  pancreatic  anlagen  are  caudal  to  the  gall-btadder 
which  is  directly  anterior  to  the  right  pancreatic  evagination. 


Fig.  24  Lateral  view  o(  a  reconstruction  of  the  pancreatic  anlagen  of  a  9 
mm.  embryo.  X  40.  D.pan.,  dorsal  pancreas;  Li.,  liver;  St.,  atomach;  V.pan., 
ventral  pancreas;  Y,  yolk-gut. 

Fig.  25  Lateral  view  of  a  reconstruction  of  the  lumina  of  the  gut  and  pan- 
creatic anlagen.    X  40.    G.b.,  gall-bladder;  other  abbreviationB,  ae  in  figure  24. 

The  pancreatic  evaginations  extend  farther  ventrally  than  do 
the  hepatic  ducts  and  the  gall-bladder. 

The  right  and  left  pancreatic  anlagen  are  separated  anteriorly 
by  a  sUght  ventral  furrow.  Caudally  the  two  evaginations  are 
apparently  fused  as  the  area  between  them  is  bulged  ventrally. 
The  evidence  of  a  division  into  two  evaginations  is  much  more 
clear  in  a  view  of  the  model  of  the  lumina  of  the  pancreatic 
anlagen  (fig.  25).  This  is  also  brought  out  clearly  by  the  figure 
of  a  section  taken  about  80ti  caudal  to  the  gall-bladder  (fig.  26). 
In  this  figure  one  sees  the  two  very  definite  evaginations,  and 
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that  they  are  separated  as  far  as  the  transverse  width  of  the  gut 
will  permit.  On  the  lateral  side  there  is  an  indefinite  furrow  at 
about  the  level  of  the  dorsal  margin  of  the  liver  extending  caudal- 
ward  in  the  wall  of  the  gut  and  yolk-masa.  This  marks  the 
upper  limit  of  the  ventral  pancreatic  anlagen  (fig.  24).    In 


Fig.  26  Drawing  of  a  section  through  the  ventral  aalageo  of  an  embryo  9 
mm.  long.     X  40.    F.g.,  foregut;  V.Pan.,  right  and  left  ventral  pancreases. 

Fig.  27  Drawing  of  a  section  through  the  ductus  choledochua  of  an  11  mm. 
embryo.  X  40.  D.ckol.,  ductus  choledochua;  St.,  stomach;  F.Pan.,  ventr&l 
pancreas. 

Fig,  28  Drawing  of  a  section  about  SOm  anterior  to  the  preceding.  X  40. 
For  abbreviations,  sec  figure  27. 

Fig.  29  Drawing  of  a  section  through  the  dorsal  pancreas  of  an  11  mm.  em- 
bryo.    X  40.    D.,  duodenum;  D.  pan., dorsal  pancreas;  Y,  yolk  gut. 
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figure  26  the  luinina  of  the  two  ventro-lateral  pancreatic  diver- 
ticula open  widely  into  a  common  lumen  which  connects  dor- 
sally  with  the  gut-cavity.  Anteriorly  at  about  the  caudal  end 
of  the  gall-bladder  this  lower  common  lumen  is  separated  from 
the  lumen  of  the  intestinal  anlage  as  shown  by  the- model  of  the 
lumina  of  the  ducts  (fig.  25)  as  well  as  by  the  figure  of  a  model 
of  the  hepatic  ducts  (fig.  20).  In  the  section  figured  (fig.  26) 
the  lower  part  of  the  right  evagination  is  separated  from  the 
main  lumen  by  cells.  The  next  section  anteriorly  shows  the 
left  lumen  also  cut  off.  The  pancreatic  lumina  thus  very  early 
extend  somewhat  forward. 

The  dorsal  pancreatic  anlage,  as  shown  by  both  models  (figs. 
24  and  25),  is  median  and  further  caudalward  than  the  ventral. 
As  seen  in  figure  24  it  seems  to  be  an  elevated  portion  of  the 
wall  of  yolk  gut.  The  anterior  and  posterior  furrows  separating 
the  anlange  from  the  stomach  and  gut  are  not  so  prominent  in 
this  specimen.  A  model  of  the  lumen  shows  it  to  be  directed 
forward  (fig.  25).  Stohr's  statranent  that  there  are  no  evidences 
of  double  dorsal  pancreatic  anlagen  in  any  stages  as  has  been 
described  in  the  ganoids  by  v.  Kupffer  is  true  also  for  Ambly- 
stoma.  The  dorsal  anlage  at  this  time  is  short  in  its  cranio- 
caudal  diameter.  It  is,  however,  further  developed  than  the 
ventral  anlagen.  Its  ventral  margin  is  limited  by  a  slight  groove 
at  the  anterior  end.  Caudally  tlm  groove  is  not  present.  Figure 
24  as  well  as  figure  25  shows  that  there  has  been  quite  an  in- 
crease in  the  dorso-ventral  diameter  of  the  intestine.  That  the 
ventral  part  is  becoming  constricted  from  the  dorsal  is  shown 
by  both  models  and  was  pwinted  out  in  the  description  of  the 
development  of  the  liver.  From  the  anterior  end  of  the  ventral 
part  of  the  gut  is  the  hepatic  outpouching,  caudal  to  this  and 
on  the  right  side  the  gall-bladder,  and  still  farther  posteriorly 
the  ventral  pancreatic  anlagen.  Caudal  to  these  evaginations 
^ain  the  gut  lumen  takes  a  more  dorsal  position. 

In  10  mm.  embryos  the  dorsal  pancreas  is  much  more  promi- 
nent. The  furrow  separating  it  from  the  stomach  is  quite  deep. 
Also  the  caudal  furrow  is  well  marked.  Mitotic  figures  are 
more  numerous  than  before.     The  cells  lining  the  evagination 
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are  columnar  in  type  but  still  contain  considerable  yolk.  The 
lumen  extends  a  very  short  distance  forward. 

In  an  11  mm.  embryo  there  has  been  considerable  further 
development  of  the  midgut  region.  The  stomach  has  differ- 
entiated to  some  extent.  It  has  flattened  dorso-ventrally,  and 
its  posterior  end  is  constricted  and  shifted  to  the  left.  The 
duodenxun  extends  ventrally  to  the  left  and  has  an  anteriorly 
directed  portion  which  forms,  with  the  stomach,  the  gastro- 
duodenal  loop.  At  its  anterior  end  which  Brachet  ('95)  has 
termed  the  'seconde  courbure'  in  Axolotl  the  duodenum  turns 
to  the  right  and  is  continuous  with  the  caudal-extending  yolk- 
mass.  Here  at  the  cranial  end  is  the  ventral  pancreas.  The 
pancreatic  area  appears  at  this  stage  as  a  narrow  zone  of  the 
gut  marked  off  by  furrows,  anteriorly  from  the  hepatic  area  and 
posteriorly  from  the  duodenum  and  yolk  (fig.  30).  The  pancre- 
atic ducts  are  short  and  extend  ventro-laterally  from  either  side 
of  the  common  duct.  These  ducts  are  caudal  to  that  part  of 
the  common  bile-duct  which  gives  off  towards  the  right  ventral 
side  the  cystic  duct  and  anterior  and  somewhat  dorsally  two 
lateral  hepatic  ducts.  The  groove  separating  the  anterior  end 
of  the  pancreas  from  the  hepatic  tissue  is  well  marked.  The 
gall-bladder  extends  downward  and  to  the  right  of  the  midline 
between  pancreas  and  liver.  A  drawing  of  a  section  near  the 
anterior  end  of  the  duodenal  loop  shows  what  appears  to  be  a 
coi^tricted  forward  projection  of  the  gut  (fig.  27).  Somewhat 
anteriorly  the  cells  lining  this  constricted  gut  are  of  a  tall  col- 
umnar type  heavily  laden  with  yolk  as  are  the  cells  lining  the 
duodenum  (fig.  28).  This  is  the  caudal  end  of  the  common  duct. 
Pc^terior  to  the  section  figured  one  can  see  the  two  lateral  parts 
of  the  pancreas  distinctly  separated  from  the  constricted  anterior 
end  of  the  gut  where  the  common  duct  is  attached  (fig.  27). 
About  fifteen  sections  of  10a  anterior  to  this  are  the  ventro- 
laterally  projecting  pancreatic  ducts.  The  pancreas  has  grown 
both  anterior  and  posterior  to  the  ducts,  but  the  greater  growth 
has  been  forward  (120>*  caudalward  and  140m  anterior).  The 
left  pancreas  grows  anteriorly  sending  a  small  projection  to  the 
left  of  the  gall-bladder.    A  model  of  the  pancreas  of  this  stage 
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shows  it  as  a  cap  placed  over  the  ulterior  end  of  the  gut,  dis- 
tinctly separated  'from  it  by  a  groove  and  closely  united  to  the 
liver  which  lies  in  front  of  it.  The  right  side  shows  only  slight 
indication  of  its  later  dorsal  and  caudal  growth  (fig.  30). 

The  dorsal  pancreas  forms  an  irregular  elongated  mass  to  the 
right  of  the  gastro-duodenal  loop,  but  extends  somewhat  caudal 
to  it.  ,  To  the  right  of  the  pancreas  and  ventrally  lies  the  large 
yolk-masa  (fig.  30).  The  dorsal  pancreas  is  now  relatively  and 
actually  nearer  the  ventral  pancreas  than  in  earlier  stages.  There 
is  as  yet  little  evidence  of  any  ventral  growth  of  the. anterior 


Fig.  30  Lateral  view  of  a  model  of  the  ptuicreatic  aolagen  of  an  U  mm.  em- 
bryo. X  40.  D.pan.,  dorsal  p&ncreaaiO.b.,  gall-bladder;  Lt.,  liver;  iSf.,  stomach; 
V.pan.,  ventral  pancreas;  Y,  yolk  gut. 

Fig.  31  Lateral  view  of  a  model  of  the  pancreas  of  a  13  mm.  embryo.  X  30. 
D.pan.,  dorsal  pancreas;  G.B.,  gall-bladder;  St.,  stomach;  V.pan.,  ventral  pan- 
creas; Y,  yolk-gut. 

end.  The  duct  as  in  the  younger  stages  lies  mainly  in  the 
cranial  part  of  the  mass  forming  the  dorsal  pancreas.  It  ex- 
tends to  the  right  and  dorsalward  and  is  nothing  more  than  a 
constricted  part  of  the  evagination.  As  seen  in  figure  29,  it  is 
attached  to  the  archenteron  near  the  lai^e  yolk-gut.  The 
s^;ment  of  the  gut  to  which  the  dorsal  pancreatic  duct  is  at- 
tached is  the  caudal  end  of  the  duodenal  loop  in  Brachet's  ('95) 
'ascending  limb'  which  posteriorly  is  completely  constricted 
from  the  ventral  yolk-mass.  Its  attachment  here,  then  as  is 
shown  by  later  stages,  is  to  the  dorsal  wall  of  the  duodenum. 
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The  development  of  the  duodenum  and  the  gastro-duodenal 
loop  has  been  described  by  Goette  and  others  frho  described  the 
changes  which  bring  the  openmg  of  the  dorsal  pancreatic  duct 
nearer  to  the  pylorus  than  the  ventral  ducts.  Goeppert  ('91, 
p.  113)  stated  concerning  this:  " — so  erhalt  mann  in  den 
Schnitten  die  doraale  Anlage  spater  als  die  ventralen  AnUgen. 
Wenn  mann  aber  die  schrag  absteigende  Richtung  des  vopderen 
Schenkels  der  Gastroduodenalschlinge  berucksichtigt,  sieht 
mami  leicht  dass  das  dorsale  Pankreas  trotzdem  einem  noch 
etwas  vor  der  Mundung  des  Leberstieles  gelegenen  Theil  der 
Darmwand  angehort." 

Brachet  ('95)  has  described  the  position  of  the  digestive  tract 
in  young  axolotl.  The  duodenum  continuing  caudally  from  the 
stomach  he  has  termed  the  first  descending  limb;  the  caudal 
tiun,  the  'premiere  courbure;'  then  ascending  limb,  'seconde 
courbure,'  and  second  descending  limb. 

The  dorsal  and  ventral  pancreatic  anlagen  at  this  stf^  are 
composed  of  masses  of  cells  still  containii^  many  yolk-granules. 
The  ducts  of  both  appear  as  constricted  portions  of  the  out- 
pouching connecting  them  with  the  duodenum  and  the  common 
bile-duct. 

Diuing  the  12  and  13  mm.  stages  the  dorsal  pancreas  comes 
in  contact  with  the  ventral  one.  The  dorsal  pancreas  forms  an 
irregular  mass  lyii^  to  the  right  of  the  duodenum  and  dorsal 
to  the  caudal  yolk-mass.  A  small  part  extends  anteriorly 
and  somewhat  ventraUy  and  comes  in  contact  with  the  right 
pancreas.  In  a  13  mm.  embryo  the  two  masses  are  fused 
(fig.  31).  The  acini  of  the  two  actually  fuse  as  is  shown  by 
figure  32.  The  ventral  pancreas  is  the  smaller.  A  small  part 
of  the  left  ventral  pancreas  lies  along  the  left  side  of  the  gall- 
bladder and  anterior  to  the  duodenum  (fig.  45).  The  hepatic 
ducts  extend  through  the  ventral  pancreas  anteriorly  to  the  liver 
but  have  no  connection  with  the  former.  The  right  ventral 
pancreas  in  figure  31  has  not  grown  dorsalward  to  any  extent 
to  join  the  dorsal  pancreas.  The  dorsal  pancreas  in  this  case 
has  grown  ventrally  and  to  the  right  to  join  the  ventral  pancreas. 

The  dorsal  duct  is  now  well  developed.  It  extends  dorsally 
and  slightly  to  the  right  from  the  right  dorsal  side  of  the  duo- 
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denum  near  its  caudal  turn.     The  duct  divides  shortly  sending 
out  branches  in  all  directions. 

The  ventral  ducts  in  a  model  of  a  13  nun.  embryo  come  off 
laterally  from  the  hepatic  ducts  and  inunediately  divide  into 
smaller  rami.  As  a  rule  the  ventral  ducts  at  this  stage  fuse 
into  one  tube  ventral  to  the  common  duct.  The  ducts  may  join 
the  ventral  wall  of  the  common  duct  or  the  anterior  end  of  the 
gut,  where  the  common  bile-duct  opens  into  the  duodenum 
(fig.  45). 


Fig.  32  Drawing  of  a  section  showing  the  united  acini  of  the  dorsal  and  right 
ventral  pancreas.  X  180.  D.pan.,  from  dorsal  pancreas;  V.pan.,  from  ventral 
pancreas;  Bt.,  blood  vessel. 

Fig.  33  Lateral  view  of  a  model  of  the  pancreas  of  a  15  mm.  embryo.  X  30. 
D.pan.,  dorsal  pancreas;  D.,  duodenum;  Li.,  liver;  St.,  stomach;  V.pan.,  ventral 
pancreaa. 

In  a  15  mm.'  embryo  as  well  as  in  later  stages  the  dorsal  pan- 
creas forms  the  lai^er  part  of  the  whole  oi^an.  It  joins  the  right 
ventral  pancreas  by  a  neck  of  tissue,  which  is  larger  than  in 
the  preceding  stages  (fig.  33).  The  ventral  mass  is  crescentic 
in  transsection  and  lies  just  below  the  stomach,  and  anterior  and 
somewhat  dorsal  to  the  anterior  end  of  the  duodenum  (fig.  45). 
A  part  of  the  ventral  pancreas  extends  anteriorly  along  the  left 
side  of  the  gall-bladder.  The  pancreatic  duct  opens  into  the  gut 
ventrally  and  slightly  to  the  left  of  the  common  bile-duct  (figs. 
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42  and  46).  The  pancreatic  duct  directly  divides  into  two 
branches,  a  right  and  left,  which  end  shortly.  The  dorsal  duct 
has  the  same  position  as  in  the  preceding  stage. 

In  the  following  stages  there  is  an  increase  in  the  size  of  the 
whole  pancreas.  The  dorsal  portion  comes  to  lie  more  and  more 
dorsal  to  the  duodenum  and  along  the  right  wall  of  the  stomach, 
while  the  ventral  portion  increases  in  size  anteriorly,  in  front  of 
the  anterior  duodenal  loop. 

A  description  of  the  parts  in  a  35  mm.  embryo  is  given  as 
typical  of  the  further  development  of  the  pancreas.  In  this 
stage  the  anterior  part  of  the  pancreas  lies  ventral  to  the  gall- 
bladder and  is  embedded  in  the  peripheral  part  of  the  liver 
(fig.  7,  B).  This  part  later  probably  forms  the  intrahepatic 
portion  of  the  pancreas  described  by  Gianelli  ('99).  Somewhat 
caudally  it  is  considerably  larger  in  section  and  separates  the 
liver  into  dorsal  and  ventral  portions  (figs.  11  and  12).  In  this 
r^on  just  caudal  to  the  gall-bladder  the  hepatic  and  ventral 
pancreatic  ducts  lie  embedded  in  the  pancreas.  The  pancreas 
is  rather  prismatic  in  cross  section,  its  medial  side  lying  along  the 
right  side  of  the  stomach,  its  lateral  dorsal  side  boimded  by  the 
duodenum.  Slightly  anterior  to  the  ostiimi  of  the  common 
duct  the  pancreas  is  divided  into  two  masses,  one  Ijdng  ventral 
and  somewhat  to  the  left  of  the  duodenum,  the  other  to  the  left 
of  the  duodenum  between  it  and  the  stomach  (fig.  7,  C).  This 
latter  mass  joins  the  anteriorly  directed  portion  of  the  dorsal 
pancreas.  The  remainder  of  the  ventral  pancreas  now  lies  to  the 
lower  right  side  of  the  stomach,  with  a  part  projecting  caudal- 
ward  along  the  ventral  wall  of  the  duodenum  (fig.  34).  The 
dorsal  pancreas  is  caudal  to  the  ventral  and  takes  a  more  dorsal 
position,  until  it  comes  to  Ue  above  the  duodenum  which  has 
migrated  downward.  In  cross  section  the  dorsal  pancreas 
extends  from  the  lower  right  side  of  the  stomach  almost  to  its 
dorsal  mai^in.  About  half  a  centimeter  from  its.  caudal  end  the 
pancreas  forms  a  very  small  mass,  triangular  in  section,  dorsal 
to  the  duodenum. 

The  ducts  of  the  ventral  pancreas  of  a  35  mm.  embryo  are 
shown  in  a  graphic  reconstruction  in  figure  34.  The  ventral 
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Fig.  34  Graphic  ceconstructioo  of  the  pancreas  and  pancreatic  ducts  of  a 
36  mm.  embryo.  X  20.  D.,  duodenum;  D.pan.d.,  dorsal  pancreatic  duct; 
D.pan.,  dorsal  pancreas;  Lt.pan.d.,  left  ventral  pancreatic  duct;  Bi.pan.d., 
right  ventral  pancreatic  duct;  V.pan.,  ventral  pancreas. 

Fig.  35  Graphic  reconstruction  of  the  pancreas  and  pancreatic  ducta  of  a 
20  cm.  AmblystomB.     X  5.    For  abbreviations,  see  figure  34. 
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duct  arises  with  the  common  bile-duct  from  a  fold  in  the  lower 
left  wall  of  the  duodenum  (fig.  7,  C).  It  shortly  separates  from 
the  common  hile-duct  and  extends  anteriorly  aloi^  its  right  side. 
It  is  somewhat  ventral  to  the  hepatic  duct  and  divides  into  dor- 
sal and  ventralducts.  Theventi^duct  shortlysends  off  branches 
caudalward  to  the  left  ventral  portion  and  extends  forward  in 
the  ventral  anterior  part  (fig.  34).  The  dorsal  of  the  two  ducts 
divides  several  times  into  dorsal  and  ventral  rami.  Branches 
from  the  dorsal  duct  extend  caudalward  and  to  the  right  into  the 
anteriorly  directed  portion  of  the  dorsal  pancreas.  The  dorsal 
pancreatic  duct  is  given  off  from  the  upper  left  side  of  the  duo- 
denum near  the  caudal  end  of  the  pancreas  and  extends  almost 
directly  upward  sending  off  several  short  branches  anteriorly 
and  posteriorly. 

S.  Description  of  the  adult  pancreas 

In  a  15  cm.  Amblystoma  the  anterior  end  of  the  pancreas, 
which  is  somewhat  triangular  in  section,  is  embedded  in  the 
liver  to  the  right  of  the  stomach.  It  lies  along  the  upper  con- 
cave border  of  the  liver  with  the  portal  vein  and  has  a  small 
free  surface  lined  with  peritoneum.  Caudal  to  this  the  pan- 
creas lies  to  the  left  of  the  duodenum,  between  it  and  the  stomach 
and  enlarges  in  a  dorso-ventral  direction  (fig.  35).  Now  it 
passes  along  the  left  wall  of  the  duodenum  but  extends  both  do]> 
sally  and  ventrally  to  it,  the  ventral  portion  bdi^  between  the 
duodenum  and  stomach.  About  5  mm.  by  sections  from  its 
anterior  end,  the  pancreas  divides  into  two  masses,  one  along  the 
left  ventral  surface  of  the  duodenum  and  the  other  dorsal  to 
it.  The  ventral  mass  remains  in  about  the  same  position,  and 
extends  caudalward  almost  half  the  lei^th  of  the  body  of  the 
gla^d.  At  the  caudal  end  of  the  ventral  portion  of  the  pancreas 
the  dorsal  mass  which  has  shifted  somewhat  to  the  right  and 
lies  above  other  loops  of  the  intestine  as  well  as  the  duodenum, 
is  divided  into  two  or  three  irregularly-shaped  lobes,  one  of  which 
is  dorsal  to  the  duodenum  and  directly  to  the  right  of  the  stomach. 
This  part  of  the  pancreas  extends  a  considerable  distance  cau- 
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dalward.  As  the  duodenum  shifts  downward  and  to  the  left 
with  relation  to  the  stomach,  this  portion  of  the  pancreas  lies 
more  and  more  to  the  right  of  the  duodenum  and  for  a  consider- 
able distance  it  lies  ventral  to  the  stomach.  The  pancreas 
extends  caudalward  almost  to  the  gastro-duodenal  loop. 

A  short  distance  from  the  caudal  end  of  the  pancreas  the  dor- 
sal pancreatic  duct  is  connected  to  the  right  side  of  the  duo- 
denum (fig.  35).  This  duct  extends  forward  almost  to  the  point 
where  the  dorsal  pancreas  divides  into  several  parts  and  gives 
off  small  branches  as  it  comes  to  lie  more  and  more  in  the  doi^al 
part  of  the  gland.  The  duct  of  the  ventral  pancreas  joins  the 
common  bile-duct  (fig.  35)  where  it  opens  into  the  left  aide  of 
the  duodenum  or  beside  it.  The  pancreatic  duet  is  ventral  to 
the  common  bile-duct  and  ahnost  immediately  divides  into  right 
and  left  ducts.  The  left  duct  is  the  more  ventral  and  soon 
divides  into  branches  which  turn  ventral  and  caudally  (fig.  35). 
The  right  duct  extends  anteriorly  and  upward  and  sends  some 
branches  into  that  part  of  the  dorsal  pancreas  which  joins  the 
ventral. 

4.  Discussion 

As  has  been  found  in  other  amphibia,  the  pancreas  in  Ambly- 
stoma  is  developed  from  three  anlagen,  two  ventral  and  one 
median  dorsal.  As  in  other  forms  the  dorsal  develops  earlier 
and,  as  Stohr  and  others  have  stated,  from  only  one  evagination. 
This  is  found  just  caudal  to  the  anlage  of  the  stomach.  In  none 
of  the  embryos  studied  is  there  evidence  of  an  outpouching 
toward  the  left  as  Goeppert  ('91)  described  in  another  form. 
Greil  ('05),  however,  in  young  Bombinator  embryos  recon- 
structed right  and  left  dorsal  pancreatic  outpouchings.  Older 
embryos  show  that  there  has  been  considerable  growth  of  the 
dorsal  pancreas  in  a  cranio-caudal  direction  with  the  lengthen- 
ing of  the  duodenum,  and  a  division  of  the  anterior  end  into 
several  processes,  one  of  which  joins  the  ventral  pancreas. 

In  the  very  earliest  stages  the  ventral  anlagen  are  caudal 
to  the  gall-bladder.  Goeppert  ('91)  and  ChronshJtzky  ('00) 
have  described  these  anlagen  as  lateral  to  the  cystic  evagination 
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in  the  forms  studied  by  them.  Greil  ('05)  reconstructed  the 
pancreatic  anlagen  as  well  as  the  branchial  pouches  of  7  and  7.5 
mm.  Bombinator  embryos  and  showed  the  ventral  pancreatic 
evaginations  as  dorso-ventra!  to  the  attachment  of  the  hepatic 
outpouching  and  described  them  as  lateral  to  the  hepatic  anlage. 

In  Amblystoma  the  two  ventral  pancreases  unite  very  early 
along  their  medial  sides.  Braun  ('06)  has  described  the  unioD 
of  the  dorsal  and  the  right  ventral  pancreas  as  occurring  before 
the  union  of  the  right  and  the  left  ventral  anlagen  and  Greil 
stated  that  the  right  ventral  pancreas  has  united  with  the  right 
dorsal  in  7.5  mm.  embryos.  The  appearance  of  considerable 
pancreatic  tissue  from  the  left  side  of  the  ventral  anlage  would 
indicate  that  there  is  growth  from  this  evagination.  Goette 
apparently  thought  this  outpouching  was  rudimentary.  The 
presence  of  a  left  duct  in  some  12-13  mm.  embryos  indicates 
that  there  is  growth  from  the  left  side.  Later  st^es  show  that 
there  is  more  growth  on  the  right  side. 

Although  the  lumen  of  the  dorsal  pancreatic  anl^e  at  first 
extends  anteriorly,  the  duct  later  extends  upward  and  in  the  adult 
again  forward.  Short  lateral  branches  extend  into  the  sur- 
rounding pancreas.  The  ventral  ducts  fuse  to  form  a  single  one 
which  divides  into  a  right  and  left  pancreatic  duct.  These  again 
divide  into  smaller  rami,  of  which  some  from  the  right  side  extend 
into  the  portion  uniting  with  the  dorsal  pancreas.  The  dorstd 
and  ventral  ducts,  however,  always  remain  separate. 

It  is  clear  that  in  Amblystoma  there  is  no  complex  pancreatic 
duct  system  as  Oppel  ('90)  has  observed  in  Proteus.  In  possess- 
ing a  single  dorsal  duct  Amblystoma  resembles  the  Nectunis  as 
described  by  Kingsbury  ('94).  The  posterior  set  of  ducts  empty- 
ing into  the  ductus  eholedochus  as  described  by  Oppel  is  quite 
different  from  the  single  ventral  duct  in  Amblystoma.  Nor 
does  this  conform  to  Kingsbury's  description  of  two  posterior 
pancreatic  ducts  each  of  which  open  into  hepatic  ducts.  I 
cannot  confirm  Bates'  ('04)  observations  concerning  the  several 
pancreatic  ducts  which  he  stated  opened  into  the  hepatic  ducts 
within  the  pancreas.  A  table  of  the  ducts  as  they  have  been 
described  in  various  urodeles  may  be  of  interest. 
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As  is  well  known  the  duct  of  the  dorsal  pancreas  does  not  per- 
sist in  Anura,  However,  Goeppert  {'91)  and  Vogt  and  Yung 
('94)  have  described  several  pancreatic  ducts  in  the  ventral 
pancreas  some  of  which  joined  the  ductus  eholedochus  or  hepatic 
duct.  It  is  seen  from  the  table  that  there  is  considerable  vari- 
ation in  the  pancreatic  duct-system  of  the  urodeles.  The  com- 
plex system  of  some  forms  may  be  due,  as  Goeppert  suggested, 
to  a  later  union  of  the  lesser  pancreatic  ducts  with  the  duodenum 
or  common  duct. 

TABLE  4 

Table  of  the  poTiereatic  daets  in  the  variotts  arodeUs 

^erm  AuUor  Darnt  Pnfral  psncreu 


Hyrtl  CM) 

i(n 

1,  Moiof  with  ductus  cboledocbiu 

1   Wwdenbeim  ('TS) 

1(?) 

1,  joinipf  the  two  bepntic  duet. 

Oppel  CM) 

10.  S3 

S.  11  formiuc  network  with  duoliu 

Goeppert  CBl) 

1    Goeppert  CSl) 

Sabmuidra  sitra 

J    Goeppert  C91) 

Tribm  Uaniktiu 

J    Goeppert  C»l> 

I  1.  openint  n«r  ductiu  aholedoohue 

Goeppert  ('81) 

2.  joining  eepuate  hepatlo  ducU 

Triton 

Gumell)  CW) 

Ambiyitomk 

Biit«  CM) 

- 

Several— joining    vnriom    hepMie 

The  glandular  portions  of  the  ventral  and  dorsal  pancreases 
fuse  as  is  clearly  shown  in  figure  33.  This  fusion  of  the  glandular 
parts  takes  place  immediately  aft«r  the  two  parts  come  in  con- 
tact. The  union  of  the  two  parts  is  at  first  only  a  narrow  neck 
of  tissue,  which  remains  small  even  in  adults. 

In  a  35  mm.  embryo  and  in.  smaller  ones  attention  was  called 
to  a  small  part  of  the  ventral  pancreas  lying  below  the  gall- 
bladder and  separating  the  liver  into  upper  and  lower  parts. 

The  peripheral  portion  of  the  liver  grows  more  rapidly  and 
surrounds  this  part  on  the  outer  side.  It  then  has  a  peritonea) 
siuface  only  on  the  medial  upper  side.  This  corresponds  to 
Gianelli's  intrahepatic  portion  of  the  pancreas.  However,  as 
stated  by  Goeppert,  the  pancreatic  and  hepatic  tissues  are 
always  clearly  separate.     Goeppert  ('91)  has  given  a  description 
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of  the  relations  and  lobes  of  the  pancreas.  The  pancreas  in 
Anablystoma  resembles  that  in  those  forms  which  he  described 
in  having  a  ventral  part  or  lobe  caudal  to  the  liver  and  in  inti- 
mate relation  with  it,  and  a  dorsal  or  caudal  part.  Kingsbury 
described  five  more  or  less  distinct  parts'.  The  following  table 
shows  a  correlation  of  the  lobes  of  the  pancreas  which  various 
investigators  have  described  with  those  of  Amblystoma. 


TABLE  i 

TiOtU  of  the  parU  of  the  adult  panereat 

in  Amphibia 

Vordan 
Thail 

Mittlere 

HinMre 
Theil 

0pp.lC8»)..- 

R«i».oW 

Gi»|ii»rt  (-S1). 

DoTHl    odei 

Ventral  oder 
WntweThei 

Theil 

N»etiini. 

Lob*  ■lone  iD. 

UBtiDS 

Centml  part 
bladder 

Lobe    aioDg 

dorulwallof 
liver 

Lobe    alone 

■plenio  vein 

eaterio  yvu 

Corpo,     «ti«- 
mittpoterv 
on 

etaniale 

ep.««. 

ateiwlliCOS).. 

Alrtaa  obststri- 

Kopf 

Wiir»l 

RouwrrOfl.... 

AmblyWoroB. 

DoiwlportloD 

Ventral    por- 

Uon 

PortioD    aloni 
donal    ooo- 
oa«    border 
ol  liver 

Goeppert  mentioned  that  tljere  were  usually  several  other  pro- 
loi^ations  of  pancreatic  tissue.  This  is  also  true  for  Ambly- 
stoma, particularly  from  the  anterior  end  of  the  dorsal  portion 
were  there  several  prolot^ations.  It  is  to  be  remembered  that 
'vordere'  is  used  by  Oppel  and  Goeppert  to  express  proximity 
to  the  oral  end  of  the  intestinal  loop  and  not  in  the  ordinary 
topographical  sense. 

IV.    GENERAL  SUMMARY 

1.  The  liver  begins  as  a  median  ventral  projection  of  the 
lumen  of  the  gut,  then  as  an  anterior  outpouching  from  this 
lumen. 
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2.  There  is  a  later  shifting  of  the  posterior  part  of  the  liver 
to  the  right  and  dorsally,  due  to  crowding  of  the  stomach  and 
development  of  the  duodenum  on  the  left. 

3.  A  later  growth  on  the  left  side  results  in  an  adult  organ 
with  right  and  left  parts,  the  right  side  always  remainii^  more 
dorsal  on  the  lateral  side  of  the  stomach. 

4.  The  ductus  choledochus  develops  as  the  early  anteriorly 
directed  lumen  from  the  gut. 

5.  The  right  and  left  hepatic  ducts  develop  as  divisions  of  the 
ductus  choledochus  and  by  division  and  growth  form  the  he- 
patic rami  and  branches. 

6.  The  gall-bladder  begins  as  a  median  ventral  outpouching 
of  the  posterior  part  of  the  Uver-anlage.  It  is  first  widest  later- 
ally, then  becomes  larger  in  its  cranio-caudal  diameter,  then  its 
dorso-ventral  and  finally  its  longer  axis  is  nearly  transverse. 

7.  There  is  an  early  right  lateral  shifting  of  the  gall-bladder 
as  of  the  liver,  due  probably  to  the  same  causes.  Along  with 
this  there  is  a  constant  shifting  of  direction  of  the  cystic  duct  in 
keeping  with  the  dorsalward  migration  of  the  gall-bladder. 

8.  The  cystic  duct  is  early  closed  off  with  the  right  hepatic 
and  due  to  the  caudalward  growth  and  division  of  the  hepatic 
duct  is  finally  attached  to  the  lateral  branch  of  this  duct. 

9.  The  ventral  pancreatic  anlagen  are  ventro-lateral  evagi- 
nations  of  the  gut  caudal  to  the  cystic  anlage.  The  dorsal  pan- 
creas— a  single  median  doisal  evagination — forms  the  larger 
portion  of  the  early  pancreas,  later  it  is  a  narrow  lobe  dorsal 
to  the  duodentun. 

10.  The  ventral  pancreatic  ducts  are  constrictions  of  the  two 
ventral  pancreatic  anl^en.  Later  these  unite  and  form  a  single 
ventral  pancreatic  duct  which  opens  into  the  common  bile-duct 
or  into  the  intestine  at  the  side  of  the  common  bile-duct.  The 
dorsal  duct  remains  a  single  stem  with  short  lateral  branches. 

1 1 .  There  are  two  main  parts  or  lobes  in  the  adult  Amblystoma 
pancreas,  a  dorsal  and  a  ventral,  with  one  or  more  lesser  pro- 
jections from  these.  An  anterior  extension  of  the  ventral  lobe 
is  constant. 
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36  Median  view  of  right  and  left  halves  of  a  reconstruction  of  the  liver  of 
an  Amblyetoma  embryo  7  mm.  long.     X  70. 

37  Median  view  of  right  and  left  parts  of  a  reconstructioii  of  the  liver  of  an 
embryo  9  ram.  long.     X  70, 

38  Posterior  view  of  a  reconstruction  of  the  liver  of  an  embryo  9  mm.  long. 
X  100. 

d.,  early  aniage  of  duct  G.B.,  gall-bladder 

D.  chol.,  ductus  choledochus  lA.,  liver 

D.cy.,  cystic  duct  Lt.  RL,  left  and  right  parts  of  hepatic 

D.m.,  dorso-niedial  duct  aniage 

D.h.d.,  right  hepatic  duct  v.l.,  ventro-medial  duct 

D.A.fl,,  left  hepatic  duct 
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PLATE  2 

EXPLANATION  OF  FIOUR&a 

39  VeDtral  view  of  a  reconstruction  of  the  hepatic  ducts  and  gall-bladder 
of  an  Amblystoma  embryo  14  mm.  loDg.     X  100. 

40  Dorsal  view  of  the  same  re  cans  true  ti  on.     X  100. 

41  Ventral  view  of  a  reconstruct  ion  of  the  hepatic  ducts  and  gall-bladder  of 
an  embryo  13.5  ram.  long.     X  100. 

42  Dorsal  view  of  a  reconstruction  of  the  hepatic  ducts  and  gall-bladder 
of  an  embryo  15  mm.  long.     X   100. 

43  Right  ventral  view  of  a  reconstruction  of  the  hepatic  ducts  and  gall-bladder 
of  an  embryo  20  mm.  long.     X   100. 


M.R.l.d.,  medial  branch  right  lateral 

M.R.I.S.,    medial   branch   left   lateral 

ramus 
M.R.m.d.,  medial  branch  right  medial 

M.R.m.s.,   medial   branch  left  medial 


D.,  duodeniun 

D.choL,  ductus  choledochus 

D.ey.,  cystic  duct 

D.k.d.,  right  hepatic  duct 

D.k.g.,  left  hepatic  duct 

D.P.,  pancreatic  duct 

g.b.,  gall-bladder 

L.Br.,  left  branch  of  common  ramus  ramus 

L.R.l.d.,  lateral  branch   right  lateral      R.Br,,  right  branch  of 

ramus  R.l.s.,  left  lateral  ramus 

L.R.t.S;    lateral    branch    left    lateral      RA.d.,  right  lateral  ramus 

ramus  R.m.a.,  left  medial  ramus 

L.R.m.d.,  lateral  branch  right  medial      R.tn.d.,  right  medial  ramus 

ramus  Z.,  extra  duct  in  13.5  mm,  Amblysti 

L.R.m.n.,    lateral    branch    left   medial  embryo 
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.  44    Right  ventral  view  of  a  reconstruction  of  the  hepatic  ducta  and  gall- 
bladder of  an  Amblystomn  embryo  35  mm.  long,   X  70. 

D.,  duodenum  L.R.m.n.,    lateral  branch   left   medial 

D.ckol.,  ductus  choleduchiis  ramus 

D.cy.,  cystic  duct  M.R.l.d..  medial  branch  right  lateral 

D.k.d.,  right  hepatic  duct  ramus 

D.k.s.,  left  hepatic  duct  M.R.l.a.,    medial    branch   left   lateral 

D.P.,  pancreatic  duct  ramus 

g.b.,  gall-bladder  M.R.m.d..  medial  branch  right  medial 

L.Br.,  left  branch  of  common  ramus  ramus 

L.R.l.d.,  lateral   branch   right  lateral  M.R.m.a.,   medial  branch  left  medial 

ramus  ramus 

L.R.l.i.,    lateral  branch  left   lateral  ft. fir.,  right  branch  of 

ramus  R.l.d.,  right  lateral  ramut 

L.R.m.d.,  lateral  branch  right  medial  R.l.e..  left  lateral  ramus 

ramus  R.m.d.,  right  medial  ram 
R.m.s.,  left  medial  ramu 
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EXPLANATION   OF   FIGCRES 

45  Anterior  view  of  the  pancreas  and  ventral  pancreatic  ducts  of  a  13  mm. 
embryo.     X   60. 

46  .interior  view  ot  the  pancreas  and  dueta  of  a  16  mm.  embryo.     X  GO. 

D.,  duodenum  V.pan.,  ventral  pancreas 

D.pan.,  dorsal  pancreas  Y,  yolk-gut 

G.B.,  gall-bladder  D.chiil.,  ductus  choledochue 

Ll.pan.d.,  left  ventral  pancreatic  duct  V.pan.d.,  ventral  pancreatic  ducts. 

Rl.pan.d..  right  ventral  pnricrontic  duct  Tor  other  abbreviations,  see  figure  45. 

St.,  stomach 
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THE  GROWTH  OF  THE  BODY  AND  ORGANS  OF  THE 
ALBINO  RAT  AS  AFFECTED  BY  FEEDING  VARIOUS 
DUCTLESS  GLANDS  (THYROID,  THYMUS,  HYPOPH- 
YSIS, AND  PINEAL). 

E.  R.  HOSKINS 
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I.  INTRODUCTION 

The  present  investigation  was  undertaken  in  the  hope  of 
throwii^  further  light  upon  the  relations  of  some  of  the  ductless 
glands  to  the  growth  process  in  albino  rats.  During  the  experi- 
ment it  became  evident  that  the  growth  rate  in  the  control  rats 
was  in  many  cases  somewhat  different  from  that  which  has.  been 
generally  described  as  normal,  so  it  became  necessary  to  include 
incidentally  the  question  of  the  normal  growth  rate. 

The  investigation  was  carried  on  in  the  Anatomical  Institute 
of  the  Univereity  of  Minnesota,  imder  the  direction  of  Profes- 
sor C.  M.  Jackson,  to  whom  my  grateful  thanks  are  due  for  his 
constant  interest  in  the  work  and  his  many  very  helpful  sug- 
geetions. 

Since  the  ductless  or  endocrinous  ^ands  were  first  recognized 
anatomically,  various  methods  have  been  appUed  in  investi- 
gating their  functional  significance.  The  four  most  commonly 
used,  are  extirpation  of  the  glands,  their  transplantation,  in- 
jection of  their  extracts  and  the  feeding  of  the  glandular  sub- 
stances. 

Feeding  ductless  glands  in  order  to  study  the  effects  of  the 
hyperactivity  thus  possibly  produced  has  certain  objections. 
The  absorption  is  slower  than  when  injections  are  made,  and  the 
danger  of  infection  is  lessened;  but  the  substances  fed  may  un- 
dergo digestive  changes  in  the  alimentary  tract.  That  the 
active,  principles  of  the  ductless  glands  are  not  necessarily  de- 
stroyed by  digestion,  however,  is  proven  by  abundant  experi- 
mental and  clinical  results  {Gudernatsch  '12,  and  Abdwhalden 
'15  especially  in  thyroid  feeding).  The  feedii^  method  was 
selected  for  the  present  investigation. 
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II.  LITBRATURE 

A  general  discussion  of  the  literature  of  all  of  the  ductless 
glands  is  given  by  Vincent  {'12),  "Internal  Secretion  and  the 
Ductless  Glands,"  and  in  the  more  extensive  work  of  Biedl 
('13),  "Innere  Sekretion."  The  hypophysis  literature  has  been 
reviewed  by  Gushing  C'12).  "The  Pituitary  Body  and  its 
Disorders;"  and  the  work  on  the  thymus  has  been  considered 
recently  by  Basch  C'13),  "Beitrilge  zur  Physiologic  and  Path- 
ologic dec  Thymus."  A  complete  list  of  references  to  work  done 
upon  the  albino  rat  is  given  by  Donaldson  '(15). 

A  preliminary  report  of  the  principal  results  of  the  present 
investigation  has  already  been  published  (Hoskins  '16). 

Thyroid  experiments 

Iscovesco  ('13)  found  that  daily  injections  of  thyroid  extract 
stimulated  growth  slightly  in  young  animals  but  decreased  the 
weight  of  old  animals.  He  found  nearly  100  per  cent  hyper- 
trophy (measured  in  grams  per  kilogram  body  weight)  in  vari- 
ous viscera.  The  extreme  and  uniform  hypertrophy  of  the 
organs  and  especially  that  of  the  uterus  is  difficult  to  under- 
stand. The  fact  that  the  liver  and  the  female  kidney  show  no 
overgrowth  is  remarkable. 

MagnuB-Levy  ('05)  found  that  feeding  thyroid  may  cause  loss 
in  weight  in  an  animal. 

Cunnii^ham  ('98)  fed  'considerable  amounts'  of  thyroid  to 
various  animals  without  notii^  any  toxic  effects. 

Moussu  ('99)  reported  that  small  doses  of  thyroid  stimulate 
the  rate  of  growth  in  young  dogs,  but  that  large  doses  are  toxic. 

Rudinger,  Falta  and  Eppinger  ('08)  and  KostUvy  ('10)  found 
that  feeding  thyroid  stimulates  the  suprarenal  glands. 

Bircher  ('10  a)  ('10  b)  fed  thyroid  to  young  rats  and  foxmd  a 
retardation  in  growth  and  body  weight,  but  an  acceleration  in 
the  process  of  ossification. 

Utterstrom  ('10)  reported  an  enlargement  of  the  thymus  in 
th3Toid-fed  rabbits. 

Hoskins  ('10  a)  fed  daily,  for  15  days  varying  amounts  (5-15 
mg.)  of  thyroid  to  18  young  guinea  pigs.    Their  suprarenal  glands 
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were  25  per  cent  heavier  than  those  of  18  controls.  The  same 
author  {'10  b)  fed  thyroid  to  pregnant  guinea  pigs.  Many 
abortions  and  several  stUl-bom  occurred.  The  newborn  (ap- 
parently normal)  young  of  the  treated  mothers  weighed  on  the 
average  12  grams  less  than  the  controls.  The  hypophysis 
showed  an  average  decrease  in  weight  of  10  per  cent,  the  supra- 
renals  26  per  cent  and  2  per  cent  for  the  females  and  males 
respectively;  the  ovaries  26  per  cent;  and  the  thyroid  gland  18 
per  cent.     The  thymus  was  increased  58  per  cent. 

Carlson,  Rooks  and  McKie  ('12)  and  Ferrant  ('13)  fed  thy- 
roid to  birds  and  mammals,  including  man.  They  concluded 
that  large  doses  of  thyroid  are  toxic.  In  the  thyroid  fed  rabbits 
of  Ferrant  the  heart,  liver  and  pancreas  showed  degenerative 
changes. 

Schafer  ('12)  fed  thyroid  to  young  white  rats,  noting  an  in- 
creased food  consumption,  increased  metabolism  and  accelera- 
tion of  growth. 

Gudematsch  ('12,  '14)  found  that  thyroid  administered  to  a 
large  number  of  tadpoles  retarded  growth  (i.e.,  a  toxic  effect) 
but  hastened  metamorphosis  of  the  limbs  and  tail.  It  is  prob- 
able that  this  acceleration  is  due  to  an  increase  in  the  rate  of  the 
circulation  and  general  metabolism.  Lenhart  ('15)  reaches  the 
same  conclusion.  The  present  writer,  in  a  similar  (impublished) 
experiment  (with  larval  frogs  and  Ambystomae)  fed  lai^ 
doses  and  noted  only  the  toxic  effect.  Coutronei  ('14),  West 
('14),  Morse  ('15)  Abderhalden  ('15)  and  Romeis  ('15)  have 
recently  confirmed  in  general  the  results  of  Gudematsch. 

Hewitt  ('14)  fed  thyroid  gland  to  white  rats,  noting  a  loss  in 
weight. 

Livingston  ('14)  found  that  feeding  thyroid  inhibits  the  hyper- 
trophy of  the  hypophysis  which  follows  thyroidectomy  in  male 
rabbits. 

Gudematsch  ('15)  fed  thyroid  to  albino  rats.  This  treatment 
retarded  growth  and  interfered  with  pregnancy.  The  efifect 
produced  is  probably  due  merely  to  the  toxicity  of  thyroid,  as 
Stockard  ('13)  obtained  quite  similar  results  in  animals  treated 
with  alcohol. 
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Thymus  feeding 

For  complete  literature  see  Vincent  C'12),  Biedl  ('13),  Baech 
C'13)  and  Paton  ('13). 

Gudematsch  ('12)  ('14)  found  that  a  thymus  diet  stimulated 
body  growth  in  tadpoles,  but  retarded  metamorphosis  of  the 
limbs  and  tail.  Similar  results  in  some  cases  were  obtained 
by  Romeis  ('15)  and  Abderhalden  ('15). 

Gebele  ('11)  and  Miss  Hewer  ('14)  reported  negative  results 
with  thymus  feeding.  In  the  latter's  work,  thymus,  when  fed 
(1  to  4  g.  daily)  to  males,  retarded  the  development  of  the  testes 
in  young  rats  and  caused  degeneration  of  the  testes  in  adults. 

Salkind  ('15)  reported  stimulation  of  growth  from  feeding 
large  amounts  of  thymus. 

Hypophysis  experiments 

Cushii^  ('12)  concludes  that  total  loss  of  the  anterior  lobe 
of  the  hypophysis  is  followed  by  death  and  that  partial  loss  is  fol- 
lowed by  obesity,  sexual  infantilism,  and  retardation  of  skeletal 
growth. 

Frequent  injections  of  hypophysis  extract  interfere  with 
growth,  (Cerletti  '09,  Fodera  and  Pittau  '09).  A  loss  in  weight 
with  no  skeletal  changes  is  reported  by  Francluni  ('10)  and  by 
Crowe,  Gushing  and  Homans  ('10).  A  gain  in  weight  after 
continued  injections  of  hypophysis  extract  is  reported  by  Delille 
('09),  and  cardiac  hypertrophy  by  Etienne  and  Parisot  ('08); 
but  Caselli  ('00)  obtained  negative  results. 

Retardation  in  growth  (especially  skeletal)  as  a  result  of 
hypophysis  feeding  was  reported  by  Thompson  and  Johnston 
('05),  Etienne  and  Parisot  ('08),  Sandri  ('07),  ('09)  (posterior 
lobe),  and  Gushing  and  Goetsch  (cited  by  Gushing  ('12),  Wulzen 
('14)  and  by  Pearl  ('16)  (anterior  lobe)  Abderhalden  ('15), 
ana  Robertson  ('16). 

Negative  results  from  feeding  hypophysis  are  reported  by 
Caselli  ('00),  Sandri  ('09)  (anterior  lobe),  Hoskins  ('11),  Aldrich 
('12a)  ('12b),  Sch&fer  ('12),  Lewis  and  MiUer  ('13),  and  Guder- 
natsch  ('14). 
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Schafer  ('09)  had  thought  that  feeding  small  amounts  of  an- 
terior  lobe  of  the  hypophysis  favors  growth.  Goetsch  ('16) 
from  very  few  data  reports  that  excessive  dosage  retards  growth 
in  young  rats,  whereas  smaller  dosage  accelerates  growth  in 
body  weight  and  especially  the  development  of  the  sexual  system; 
that  this  acceleration  is  due  to  the  anterior  lobe;  and  that  feed- 
ing posterior  lobe  does  not  accelerate  growth,  and  even  retards 
sexual  development.  Robertson  ('16a)  reports  that  hypophysis 
extract  accelerates  growth  after  inanition. 

So  far  as  the  literature  shows,  in  none  of  the  above  experiments 
with  hypophysis  substance  was  a  complete  autopsy  performed 
or  complete  histological  examination  made.  Hallion  and  Alquier 
('08)  report  hypertrophy  of  the  suprarenals  in  rabbits,  and  no 
changes  in  the  gonads.  Wulzen  ('14)  noted  in  chickens  fed 
fresh  hypophysb  that  the  long  bones  were  shorter  than  in  her 
control  animals,  and  that  the  involution  of  the  thymus  was 
hastened  by  the  treatment. 

Pineal  experiments 

In  experiments  on  growth,  Dana  and  Berkeley  ('13)  reported 
that  after  injecting  and  feeding  a  few  young  animals  with  pineal 
substance,  they  noted  growth  acceleration.  These  results  may 
be  due  to  the  pineal  medication  or  merely  to  normal  variation. 
Berkeley  ('14)  reported  mental  and  physical  improvement  in 
backward  children  to  whom  pineal  substance  was  administered. 

Priore  ('15)  reports  that  young  rabbits  into  which  pineal  ex- 
tract was  injected  frequently,  grew  slightly  more  than  the  con- 
trols, but  his  results  are  probably  within  normal  variability. 
In  an  older  group  the  controls  outgrew  the  experimental  group. 
In  none  could  any  skeletal  alterations  be  seen. 

McCord  ('14)  fed  pineal  substance  to  a  few  chicks,  young 
guinea  pigs  and  pups.  He  reported  an  acceleration  in  their 
rate  of  growth,  increased  mentahty  in  the  dogs,  and  sexual 
precocity  in  some  of  the  guinea  pigs. 

The  same  writer  ('15)  later  reported  that  the  growth  of  young 
guinea  pigs  which  received  daily  10  mgms.  of  pineal  substanoe 
from  adult  cattle  was  delayed.  Adult  guinea  pigs  were  not 
affected  by  calf  pineal  substance  (dried),  but  the  growth  rate 
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of  young  guinea  pigs  wae  accelerated  by  injections  of  extract 
of  calf  pineals.  Pineal  substance  hastened  sexual  development 
in  guinea  pigs.  Males  were  more  susceptible  than  females  to 
pineal  treatment.  The  treated  animals  did  not  grow  larger 
than  normal  adults  and  their  growth  was  apparently  propor- 
tional in  all  parts  of  the  body.  The  'sexual  precocity'  noted 
by  McCord  perhaps  can  be  explained  by  the  fact  that  in  grow- 
ing animals  the  sexual  development  normally  tends  to  keep  pace 
with  somatic  growth.  In  stimted  animals  sexual  maturity  is 
retarded  as  seen  in  inanition  experiments  (Jackson  '15);  con- 
versely it  is  to  be  expected  that  a  hastened  somatic  growth  is 
accompanied  by  a  corresponding  development  of  the  reproduc- 
tive organs.  This  condition  can  hardly  be  called  sexual  pre- 
cocity, especially  if  the  sex  oi^ans  are  not  relatively  ovei^ 
developed. 

Dandy  ('15)  was  able  to  remove  the  pineal  body  from  young 
dogs  with  no  apparent  after-effects. 

Many  experimental  data  that  have  been  published  are  worth 
very  little  to  us  because  of  incomplete  records  and  also  because 
animals  of  one  strain  kept  imder  certain  conditions  have  been 
used  as  control  animals  and  checked  against  experimental  ani- 
mals of  a  possibly  different  strain  kept  perhaps  under  different 
conditions.  It  is  also  true  that  in  many  experiments,  although 
all  the  animals  are  of  the  same  strain  and  are  kept  under  similar 
conditions,  only  a  small  number  are  used  and  these  represent 
different  litters..  Since  it  has  been  shown  by  Jackson  ('13)  and 
King  ('15)  that  in  albino  rats  variability  in  body  weight  within 
a  litter  is  only  about  half  as  great  as  general  racial  variability, 
the  advantage  of  taking  controls  and  experimental  animals 
from  the  same  Utter  is  obvious.  The  apparent  'results'  obtained 
in  many  experiments  may  very  well  be  due  merely  to  the  above- 
mentioned  factors  and  not  to  the  experiment  itself. 

III.  MATERIAL  AND  METHODS 
The  albino  rat  (Mus  norvegicus  albinus)  was  selected  for  the 
experiment  because  it  is  a  convenient  form  for  use  and  more  is 
known  about  the  growth  of  this  animal  than  of  any  other,  ow- 
ing to  the  work  of  Donaldson,  Hatai,  Jackson,  Slonaker,  Lowreyf 


>y  Google 


302  E.   R.   HOSKINS 

King,  and  others.  Owing  perhaps  to  their  diet  ajid  very  favor- 
able environment,  most  of  the  animals  (especially  the  younger 
male  groups)  are  somewhat  larger  than  the  average  ordinary 
albino  rats  at  corresponding  ages.  Twenty-nine  litters  were 
used  but  where  Utters  contained  less  than  four  rats  of  a  sex 
these  individuals  were  usually  rejected.  A  few  rats  were  killed 
by  the  mother  before  weaning  time.  In  all,  59  females  and  73 
males  were  fed  and  of  these  all  of  the  females  and  59  of  the 
males  were  carefully  autopsied  at  the  termination  of  the  experi- 
ment. While  the  number  of  observations  is  not  large  from 
the  statistical  point  of  view,  and  more  would  be  necessary  for 
final  conclusions,  it  is  believed  that  the  present  data  are  suf- 
ficient to  establish  certain  points  with  a  considerable  degree  of 
probabiUty,  and  to  furnish  valuable  evidence  upon  other  points 
requiring  further  data.  Most  of  the  older  animals  which  were 
bom  during  the  summer  and  early  fall  were  smaller  at  the  be- 
ginning of  the  experiment  than  were  those  bom  in  the  winter 
and  spring.  This  is  in  accordance  with  previous  observations. 
These  initial  differences  generally  persisted  throughout  the 
period  of  experiment  (as  likewise  found  by  King  ('15).  Of  the 
older  Utters,  two  of  which  were  of  purely  local  stock  were  quite 
large  rats,  whereas  three  Utters  which  were  of  pure  'Wistar'  stock 
were  considerably  smaller.  Other  litters  used  were  of  a  mixture 
of  these  two  strains. 

The  rats  with  few  exceptions  were  weaned  at  3  weeks  of  age, 
and  kept  in  a  weU  ventilated  room  in  fairly  large  wire  net  cages, 
with  wire  net  bottoms  which  allowed  waste  matter  to  drop 
through.  The  males  and  females  were  of  course  separated.  All 
were  fed  (ad  Ubitum)  upon  whole  wheat  (Graham)  bread  soaked 
in  whole  milk,  a  diet  which  seems  to  provide  abundant  nourish- 
ment, as  shown  by  the  rapid  growth  of  the  animals.  During 
the  first  part  of  the  invest^ation  the  rats  were  fed  once  a  day 
and  their  water  jars  washed  once  a  week.  Later  all  of  the  ani- 
mals were  fed  3  times  a  day,  the  water  jars  washed  daily  and 
at  all  times  the  cages  were  kept  clean.  Each  animal  was  given 
a  mark  of  identification  with  picric  acid  and  a  separate  growth 
record  kept  for  it.     In  general,  each  rat  was  weighed  at  wean- 
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ing  time,  and  each  day  (before  feeding)  for  about  a  week,  but 
thereafter  the  interval  between  weighings  was  gradually  in- 
creased. 

The  autopsy  technique  employed  by  Jackson  ('13),  with  a 
few  modifications,  was  used.  The  various  organs  were  placed 
in  a  moist  chamber  when  taken  from  t^e  animal  and  weighed 
when  all  had  been  removed.  The  thyroid  and  thymus  were 
freed  from  their  capsules.  In  the  younger  groups  of  animals 
the  mesentery  and  pancreas  were  removed  from  the  stomach 
and  intestines.    These  cases  are  marked  (c)  in  the  tables. 

All  the  organs  were  weighed  in  closed  containers  to  0.1  mgm. 
The  skeleton  was  prepared  by  heating  the  body  (eviscerated 
and  skinned)  at  90  degrees  centigrade  for  2  or  3  hours  in  2  per 
cent  aqueous  'Gold  Dust'  (a  proprietary  soap  powder)  solution. 
The  skeleton  (including  cartilages)  was  cleaned,  dr^ed  care- 
fully, and  weighed,  and  then  dried  for  2  weeks  (in  an  oven  heated 
at  88  to  90  degrees  centigrade)  to  constant  weight  and  weighed 
again.    This  technique  gives  fairly  constant  results. 

In  the  Snal  averages  shown  in  the  various  tables,  extreme 
data  are  in  a  few  cases  excluded.  (These  extreme  cases  were 
probably  due  either  to  experimental  error  or  to  abnormal 
variation.) 

The  tables  show  only  the  averages  of  individual  data.  A  copy 
of  the  original  observations  have  been  filed  at  The  'Wistar  Insti- 
tute of  Anatomy  and  Biology,  Philadelphia,  where  they  may  be 
consulted  by  those  interested. 

The  material  for  feeding  was  obtained  every  2  weeks  by  the 
author  in  person,  from  newly-killed  calves  6  to  10  weeks  of  age, 
and  ground  fine  in  a  kitchen  meat^rinder.  Some  of  the  sub- 
stance of  each  kind  was  spread  out  thin  and  dried  before  an 
electric  fan  at  room  temperature.  The  material  was  quite 
dry  within  5  to  10  hours  of  the  death  of  the  calves.  It  was 
diluted  with  known  amounts  of  milk  sugar  for  measuring.  A 
portion  of  each  kind  was  kept  fresh  (at  from  zero  to  5  degrees 
centigrade).  No  constant  difference  in  the  effects  produced 
by  the  fresh  and  dry  glands  was  noticeable,  so  in  grouping  the 
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data  the  difTerence  in  the  two  conditiona  of  the  material  adminis- 
tered was  diaregarded. 

The  rats  used,  were  grouped  to  exclude  so  far  as  possible  the 
error  introduced  by  the  racial  variability.  One  rat  of  each  litter 
(or  one  of  each  sex  if  both  males  and  females  of  the  litter  were 
used)  was  kept  for  control,  the  remaining  being  distributed 
among  the  groups  treated,  in  such  manner  that  (so  far  as  possible) 
each  group  contained  individuals  from  every  litter.  Tha*e 
are  five  groups  of  each  sex.  To  eliminate  the  'age'  factor,  the 
data  for  each  sex  were  subdivided  into  'older'  and  'young^ 
groups,  as  shown  in  the  tables. 

In  calculating  the  results,  two  methods  were  used.  In  one 
the  average  of  the  percentage  of  the  net  body  weight  of  each 
organ  of  each  group  of  experimental  animals  was  compared 
directly  with  the  average  value  of  that  oi^an  in  the  control 
.  group  while  in  the  second  method  a  comparison  was  made  with 
the  Wistar  reference  tables  as  suggested  by  Donaldson  ('15). 
In  the  latter  comparison  the  gross  body  weight  was  used  instead 
of  the  length  because  the  weight  of  the  organs  of  the  controls 
corresponded  somewhat  more  closely  to  Donaldson's  Wistar 
norm  for  rats  of  the  same  gross  body  weij^t  than  to  those  of 
the  same  length.  The  values  obtained,  however,  would  have 
been  practically  the  same  in  either  case. 

The  tables  published  by  Donaldson  ('15)  used  here  are  desig- 
nated as  'Donaldson's  Wistar  tables'  or  the  'Wistar  norms.' 

For  the  dosage  employed  see  table  3. 

The  experiments  began  when  the  rats  were  weaned,  at  the 
age  of  about  3  weeks,  excepting  15  rats  which  were  8  to  11  weeks 
old.  Of  tiiese  15  rats,  only  4  were  autopsied.  Each  rat  was 
treated  on  alternate  days  throughout  the  entire  period  of  the 
experiment.  Nine  litters  were  ^ven  fresh  glandular  substance, 
and  all  oth^«  received  dried  glands.  The  material  to  be  fed 
was  mixed  with  a  small  amount  of  bread  and  milk  and  the  ani- 
mal kept  in  an  individual  cage  until  all  of  this  had  been  eaten. 
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IV.  ORIGINAL  OBSERVATIONS 

1.  Body  as  a  whole  (weight  and  length) 

a.  Comparison  of  controls  with  norms.  The  growth  of  the 
younger  groups  of  rata,  especially  the  males,  in  this  investiga- 
tion varied  considerably  from  that  of  the  rats  described  by  most 
of  the  previous  workers  for  rats  collected  at  random  from  a 
colony.  It  is  necessary  therefore  to  make  a  comparison  of  the 
animals  with  the  norms  of  other  investigators  before  discussing 
the  effects  of  the  ductless  gland  feeding.  In  this  comparison, 
only  the  control  rats  will  be  considered  directly.  With  the 
exception  of  certain  data  of  the  thyroid-fed  groups  which  will 
be  discussed  later,  however,  there  is  a-  close  agreement  among 
the  corresponding  data  of  all  the  groups  so  that  the  data  of  the 
control  animals  represent  indirectly  most  of  the  data  of  the 
entire  series. 

A  great  difference'  between  my  rats  (especially  the  'younger' 
or  'winter-bom'  males)  and  those  previously  described  by  Don- 
aldson and  Jackson  is  to  be  noticed  in  the  rate  of  growth  both  of 
body  length  and  of  body  weight.  The  albino  rats  described  by 
Donaldson  ('06]  and  by  Jackson  ('13  and  '15)  of  different  strain 
and  diff»%nt  diet  are  considerably  lighter  in  weight  than  are  mine 
at  corresponding  ages,  up  to  the  fourth  month.  (See  table  1 
and  charts  1  and  2).  The  selected  'strong  aiid  vigorous'  Utters 
described  by  King  ('16),  however,  correspond  rather  closely 
with  mine  in  body  weight. 

The  rate  of  growth  varies  thus  in  albino  rats  from  different 
sources,  depending  partly  upon  the  'strain,'  but  more  upon 
diet  and  general  environment.  King's  results  indicate  also 
that  a  more  rapid  growth  may  be  expected  from  those  litters 
in  which  at  birth  the  individuals  are  especially  large  and  strong. 
The  vigorous  average  growth  of  my  rats  appears  chiefly  in  those 
designated  as  the  'younger'  ('winter-bom')  Utters.  The  growth 
of  the  'older'  ('summer-born')  animals  throughout  is  more 
nearly  Uke  that  found  by  Donaldson  and  Jackson  (charts  1  and  2 ; 
table  1).  As  the  'younger'  group  had  been  eliminated  largely 
at  110  (and  partly  at  70)  days,  the  final  averages  are  relatively 
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TABLE  1 
Average  gross  iody-weighi  of  normai  aUnno  roit  at 


%ges  (in  eomporuon 
Donaldson,  Jackson  and  King),  showing  variability  probably  dot 


^.».x. 

jr'"^, 

IDIO  CIS)! 

Mc«o,!r.3, 

pra 

m. 

gnmt 

•H 

tnm. 

20-21 

(Ilm)' 

32.6 

(50m)    32.0 

{53m) 

24.0 

(19m)    21.2 

(lOf) 

29.6 

(50f)      28.0 

(590 

21.5 

(17f)      22.6 

30-31 

(I8m) 

46.4 

(50m)    48.5 

(19m)    31.8 

(16f) 

44.4 

(50f)      46.7 

(171)      32.9 

40 

(ISm) 
C16f) 

69.5 
70.1 

43-43 

ClSm) 

80,9 

(60m)    78.0 

(45m) 

63.7 

(19m)    46.3 

(I6f) 

76.4 

(50f)      70.0 

(Mf) 

64.3 

(llf)      47.9 

70 

(ISm) 

164. 2 

(SOm)  143.0 

(23m) 

130.4 

(19m)  108.6 

(16f) 

127.3 

(60f)    123.0 

(25f) 

108.9 

(llf)      99.8 

90 

(ISin) 
(13f) 

184.6 
143,3 

(SOm)  184.8 
(39f)     148.0 

110-112 

dim) 

205.9 

(50m)  214.0 

(19m)  183.8 

(lOf) 

151.6 

(42f)    166.0 

(llf)    160.2 

ISO 

(5m) 

221.5" 

{50m)  243.0 

(20m)  167.5 

{19m)  225.4 

(8f) 

164.6 

{4Sf)    186.0 

(310 

142.1 

(llf)    184.6 

'  King'e  data  partly  from  her  t&ble  3,  partl]r  estimated  from  her  chart  3. 
>  The  21  day  group  includea  only  the  lai^r  'winter-bom'  rats. 
'  The  150  day  group  includes  only  the  Bmaller  'summer-bom'  group. 

lower.  At  150  days  (table  1)  the  averages  are  slightly  less 
than  Donaldson's  and  King's,  but  somewhat  greater  than 
Jackson's. 

As  shown  in  table  1,  the  females  at  six  weeks  (40  days)  aver- 
age heavier  than  the  males  in  the  control  group.  This  agrees 
with  the  results  of  Donaldson  ('06)  and  Jackson  ('13),  but  not 
with  King  ('15). 

The  difference  in  the  rate  of  growth  of  the  body  length  and 
tail  lei^h  of  my  rats,  as  compared  with  the  data  of  Jackson 
('15)  and  of  Donaldson's  Wistar  tables  is  shown  in  table  2.  It 
may  be  seen  that  my  rats  averaging  13  weeks  old  are  loiter 
than  Jackson's  rats  at  5  to  13  months.  Had  the  table  included 
my  entire  autopsied  series  of  59  males  and  59  females  the  differ- 
ence would  have  been  slightly  greater,  as  seen  in  tables  6  and  7. 
The  ratio  between  the  tail  length  and  the  body  length  is  dif- 


,d.y  Google 


GROWTH  AFFECTED   BY   FEEDING  DUCTLESS   GLANBS         307 


Chart  1  A  graphic  comparison  of  the  data  of  various  inveatigatora  with  those 
of  Hoskins  for  the  growth  of  norma!  female  albino  rats.  The  weight  in  gramB  is 
plotted  against  the  age  is  days.  D.,  Donaldson  '06,  J.,  Jackson  '13;  K.,  King  '16; 
H.,  Hoskins'  older  (low  dosage)  group  of  control  female  rats  and  H',  Hoskins' 
younger  (high  dosage)  group  of  control  female  rats.  The  sudden  flattening  of 
the  graphs  H'  and  H  after  70  and  90  days  respectively  is  due  largely  to  the  fact 
that  at  these  points  autopsy  of  rats  was  begun.  The  curves  H'  and  H  are  not 
closely  comparable  with  the  others  after  these  two  points,  because  in  most  oases 
the  largest  rats  were  killed  first. 
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Chart  2    The  game  as  in  Chart  1,  except  that  it  is  for  normal  males.     FiOi 
furtlier  explanation,  Bee  that  given  tor  chart  1. 


lOrmal  males.     For 
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TABLE  1 
Compariitm  of  data  for  younger  and  older  groups  of  control  (mvieie-fed)  olbtno  rat* 
vntk  Jackton'i  data  and  Donaldton'a  labtet,  ahowiim  growth  of  body  length  and 
tail  length. 


™k™ 

naHUDaoH'a  tabu* 

TiTr-SSF 

Older  (roup 
(»v.  IS  wadu) 

«.«™»™« 

Number  and  sex 

Body  length,  cm 

Tail  length,  cm 

Tail  Body- Ratio.... 

8F- 
18.7 
16.0 

0.86 

lOM- 
20.3 
16.5 

0.81 

8F. 
19.4 
16.5 

0.86 

6M. 
21.2 
16.6 

0.78 

34F. 
18.3 
16.8 

0,90 

.16M. 
IB.O 

16.2 
0.86 

18.7-1B.4 

16.4-lJ.O 

0.88 

M. 
20.8-21.2 
17.2-18.0 

0.85 

*  If  all  the  thirteen  weeks  old  rate  on  experiment  are  included,  the  number  of 
females  and  males  changes  to  28  and  29  respectively,  and  the  lengths  of  the  body 
and  of  the  tail  are  but  very  slightly  changed.     (See  tables  7  and  8.) 

ferent  in  the  different  series.  In  all  of  my  groups  of  rats  the 
tails  are  relatively  shorter  than  those  of  Jackson's  rats,  and 
than  those  at  corresponding  body  lengths  in  Donaldson's  tables. 
If,  instead  of  the  age,  the  body  weight  is  taken  for  the  basis 
of  comparison,  a  similar  difference  in  the  ratio  of  the  tail  length 
to  the  body  length  of  the  two  series  is  evident. 

The  growth  of  the  albino,  rat  in  weight  and  length  under  dif- 
ferent circumstances  thus  varies  considerably.  A  norm  must 
■therefore  be  established  not  only  for  each  strain  but  also  for 
each  litter  under  a  given  set  of  environmental  conditions.  If, 
however,  similar  litters  from  the  same  strain  are  kept  under  simi- 
lar conditions  variabiHty  will  be  at  a  minimum. 

For  a  comparison  of  the  various  organs  and  parts  of  the  rats 
with  those  described  by  previox^  writers,  data  are  shown  in 
tables  8  and  9  for  relative  (percentage)  weights,  and  in  tables 
4,  5,  6  and  7  for  absolute  weights.  Data  from  Donaldson's 
Wistar  tables  for  rats  of  corresponding  body  weights  and  lengths 
are  included  in  tables  4  and  5.  The  body  weight  in  general  is 
slightly  greater  in  the  Wistar  norms  than  in  my  rats  of  corre- 
sponding body  length,  excepting  the  younger  males.  As  to  the 
individual  organs,  it  is  evident  that  in  some  cases  the  weights  in 
my  series  are  nearer  to  those  of  Donaldson's  tables  at  correspwad- 
ii^  body  lengths,  while  in  others  they  are  nearer  those  of  cor- 
responding body  weight.    Some  differences  are  due  probably 


,d.y  Google 


310  B.   R.   HOBKINS 

to  age.  On  the  whole,  the  correspondence  with  the  Wistar 
tables  is  as  close  as  could  be  expected.  The  individual  oi^ans 
will  be  considered  later. 

b.  Effects  of  thyroid,  thymus,  hypophysis  and  pineal  feediTig. 
The  weight  and  length  of  the  growing  albino  rats  fed  various 
ductless  glands  are  shown  in  tables  6  and  7,  and  (for  the  'higher 
dosage'  groups)  in  charts  3  and  4.  For  the  sake  of  elimination 
of  any  variation  that  might  be  due  to  the  age  of  the  rats,  each 
sex  group  was  subdivided  into  2  smaller  ('old'  and  'young') 
groups,  depending  upon  the  age  of  the  individuals.  Some  of 
the  yoimger  animals  received  fresh  and  some  dried  glands  (see 
'Material  and  Methods'),  but  no  difference  was  noticed  in  the 
effects  produced  by  the  two  forms. 

The  effect  of  a  ductless  gland  diet  upon  the  growth  of  the 
females  is  seen  in  table  6  and  chart  3.  The  various  e:q>erimental 
groups  may  be  compared  with  each  other  or  with  the  controls, 
and  it  is  found  that  the  difference  in  weight  at  every  age  is 
remarkably  slight.  At  the  beginning  of  the  experiment  when 
the  rats  were  3  weeks  old  the  different  groups  averaged  nearly 
the  same  in  weight,  excepting  the  male  thyroid  group  and  the 
pineal  groups.  Into  these  groups  were  purposely  placed  shghtly 
more  than  their  share  of  smaller  animals  because  it  has  recently 
been  claimed  that  thyroid  and  pineal  substances  accelerate 
growth  in  various  species  (Schafer  '12)  (Dana  and  Berkeley 
'13,  McCord  '14).  At  70  days  of  age,  when  the  period  of  most 
rapid  growth  had  ended,  it  is  seen  that  among  the  younger  ('high- 
er dosage')  animals  there  had  been  a  remarkably  small  difference 
in  the  growth  rate  of  the  various  groups.  The  same  is  true  of  the 
older  rats,  if  the  thyroid  group  (which  contains  2  rats  that  were 
not  healthy)  is  left  out  of  consideration.  At  90  days  of  age  the 
weights  of  the  different  groups  still  remain  fairly  close  together. 
After  70  days  the  groups  are  no  longer  directly  comparable  because 
many  of  the  rats  had  been  killed.  Upon  the  comparison  of 
individuals  within  each  litter,  no  constant  difference  appears, 
although  considerable  variation  is  shown.  The  only  probable 
conclusion  to  be  drawn  is  that  the  glandular  substances  (in 
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Chart  3  Graphic  representation  of  the  growth  of  the  'younger'  or  'high 
dosage'  female  albino  rate  to  which  ductless  glands  were  fed.  The  weight  in 
grams  is  plotted  against  the  age  in  dsys.  /,  Thyroid-fed;  t,  Thymus-fed;  5, 
Muscle-fed  (controls;  see  also  chart  I);  i,  HypophysiB-fed;  S,  Pineal-fed.  Note 
how  closely  the  various  groups  agree  in  weight.  At  70  days,  autopsy  of  the  larg- 
est rats  was  begun,  hence  the  greater  variation  after  thisjjoint. 


L  lo&uiai,  1 
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Chart  4    The  same  u  chart  3,  except  that  it  is  for  malea.    The  flattening  of 
the  grapha  between  21  and  25  days  (as  compared  with  those  of  the  females,  chart  3) 
possibly  indicates  that  males  are  more  susceptible  to  environmental  changes  than 
are  females.    The  rats  were  weaned  at  21  days. 
312 
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the  amounts  fed)  had  no  effect  upon  the  weight  of  the  female 
albino  rats  in  this  experiment. 

A  graphic  representation  of  the  growth  of  the  'higher  dosage' 
group  of  females  is  shown  in  chart  3.  The  body  weights  in 
all  cases  remain  close  to  those  of  the  controls  (muscle-fed).  In 
the  'higher  dc»age'  groups,  the  body  weights  (chart  1)  are  seen 
to  be  much  higher  than  the  normals  of  Jackson  and  also  of  Don- 
aldson (excepting  near  the  end  of  the  experiment) .  In  the  'lower 
dosage'  groups  the  body  weights  average  lower,  more  nearly 
comparable  to  the  normals  of  Jackson  and  Donaldson.  This 
difference  in  body  weight  between  the  'higher  dosage'  groups 
and  the  'lower  dosage'  groups  is  not  due  to  the  different  amoimta 
of  ductless  glands  fed,  however,  as  a  similar  difference  is  shown 
by  the  controls  in  each  group.  A  careful  study  of  the  growth 
of  individuals  within  each  Utter  shows  that  in  nearly  every  in- 
stance those  rats  which  at  three  weeks  were  larger  (or  smaller) 
than  the  controls  retained  the  same  relative  position  as  regards 
body  weight  throu^out  the  experiment. 

The  male  albino  rats  to  which  ductless  glands  were  fed  also 
seemed  not  to  be  affected  in  body  weight  by  the  treatment. 
A  careful  study  of  table  7  and  chart  4  shows  nearly  the  same 
facts  for  the  male  rats  as  have  just  been  stated  for  the  females. 
The  weights  of  the  different  'higher  dosage'  groups  are  xmusually 
■  close  together  at  70  days  of  age,  except  in  the  case  of  the  pineal- 
fed.  The  'higher  dosage'  pineal-fed  animals  at  this  age  are  16.5 
grams  lighter  in  weight  than  the  controls;  but  this  difference 
is  not  great,  and  as  this  group  averaged  less  in  weight  than  the 
controls  at  the  beginning  of  the  experiment,  the  difference  in 
weight  between  the  two  is  probably  due  to  normal  variation. 
In  the  'lower  dosage'  group,  the  pineal-fed  are  slightly  above 
the  controls  in  weight.  After  70  days  of  age  many  rats  were 
autopsied  and  hence  the  groups  are  no  longer  directly  com- 
parable, but  individuals  of  the  same  litter  were  compared  with 
each  other  and  showed  the  same  results  as  in  the  case  of  the 
females.  On  the  whole,  there  appears  to  be  no  evidence  indi- 
cating that  the  ductless  gland  feeding  has  naterially  affected 
the  body  weight  in  any  case.  The  differences  are  inconstant, 
and  well  within  the  limits  of  the  variability  to  be  expected. 
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It  may  be  noted  (see  table  3)  tbat  thyroid  was  fed  in  varying 
amounts  from  the  negligible  quantity  of  10  mgms.  of  dried 
gland  on  alternate  days  to  a  nearly  maxinrmm  non-toxic  doae 
of  200  mgma.  of  dried  substance  (or  an  equivalrait  amount  of 
fresh  gland)   on  alternate  days.     In  all  cases  no  appreciable 


Amount  and  range  of  doiage  employed  for  eocA  rat  in  feeding  the  wuioue  groupi. 
The  growth  in  body  toeigkl  for  the  'high  dosage'  groups  is  represented  in  ekartt 

S  and  i: 


Thyroid-fed: 

'Low  dosage' 

'High  doBage' 

ThymuB-fed; 

'Low  dosage' 

'High  dosage' 

Muscle-fed  (controls): 

'Low  dosage' 

'High  dosage' 

Hypophysis-fed: 

'Low  dosage' 

'High  dosage' 

Pineal-fed: 

'Low  dosage' 

'High  dosage' 


0.5-6  , 
10-30 


efifect  upon  the  growth  of  the  body  as  a  whole  was  evident.  Thy- 
mus was  fed  in  variable  amounts  up  to  300  mgms.  of  dried 
substance,  but  tw6  individuals  receiving  twice  this  amount 
showed  no  effects  different  from  the  others.  Hypophysis  was 
administered  in  fairly  small  doses  (5  to  100  mgm,  of  dried  sub- 
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Stance).  Pineal  substance  was  given  in  amounts  larger  than 
those  fed  to  guinea  pigs  (in  most  cases)  by  McCord  ('14),  but 
in  one  of  McCord's  experiments  where  doses  of  100  mgms.  of 
dried  substance  was  used  daily,  the  experimental  animals  in  a 
given  time  grew  in  weight  40  per  cent  more  than  the  controls. 
As  stated  above,  there  seemed  to  be  no  difference  in  the  result 
with  albino  rats  in  the  present  experiment,  whether  small  amounts 
of  20  mgms.  or  larger  amounts  up  to  150  mgms.  of  dried  pineal 
substance  was  fed  on  alternate  days.  With  the  lai^er  doses 
there  was  no  evidence  indicatii^  that  toxic  effects  of  gastro- 
intestinal disturbances  were  produced  by  the  medication. 

As  shown  in  tables  2,  6  and  7,  the  various  rats  of  the  same 
age  and  sex  are  also  of  nearly  the  same  body-length  r^ardless 
of  treatment.  The  agreement  here  is  even  closer  than  in  re- 
gard to  comparative  weights  and  emphasizes  still  more  strongly 
the  fact  that  the  experimental  rats  as  compared  with  the  con- 
trols suffered  do  marked  gross  body  changes  on  accoimt  of  the 
administration  of  ductless  glands. 

The  growth  records  of  the  individual  rats  illustrate,  as  has  been 
pointed  out  above,  that  very  serious  errors  might  easily  creep 
into  the  conclusions  from  an  investigation  of  this  kind,  which 
includes  animals  from  several  different  litters.  A  preliminary 
comparison  of  the  individuals  in  each  litter  showed  negative 
resulte,  so  all  were  finally  grouped  as  shown  in  the  various  tables. 
There  is  always,  of  course,  some  danger  in  drawing  conclusions 
from  averages,  but  this  danger  is  slight  if  the  individual  data 
are  also  carefully  studied,  and  the  groupii^  judicioiisly  made. 

Care  must  be  taken  in  work  of  this  nature  to  select  experimental 
and  control  animals  from  the  same  litter  and  as  nearly  alike 
as  possible.  In  many  investigations  on  growth  this  has  not 
been  done.  Experimental  groups  of  animals  of  one  sex  have 
even  been  compared  with  groups  of  another  sex;  or,  more  com- 
monly, an  experimental  group  has  contained  both  sexes  in  a 
ratio  different  from  that  in  the  control  group. 

Finally,  the  depressing  effects  upon  growth  and  body  weight 
obtained  by  some  investigators  by  the  administration  of  ductless 
glands  especially  the  thyroid  (Magnus-Levy,  Bircher,  Carlson,  Far- 
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rant,  Gudernatsch,  Cotroni,  Hewitt,  Romeis,  Lenhart),  is  in  many 
cases  possibly  a  general  toxic  e£fect,  which  is  produced  whenever 
the  dosage  is  too  high.  Even  a  high  protein  diet,  e.g.,  an  ex- 
cessive meat  diet,  may  likewise  be  detrimental  to  growth,  as 
has  been  shown  for  the  albino  rat  by  Chalmers  Watson  ('06). 

S.  Head 

Data  for  percentage  weights  of  head  (and  other  organs  and 
parts)  are  found  for  females  in  table  8,  and  for  naales  in  table 
9.    Absolute  weights  are  given  in  tables  6  and  7. 

a.  Controls.  The  head  forms  an  average  of  9.5  per  cent  of 
the  body  weight  in  the  females  and  8.3  per  cent  in  the  males 
among  my  youi^er  control  rats.  In  the  older  groups,  the  head 
averages  10.3  per  cent  in  the  females,  and  8.4  per  cent  in  the 
males.  These  results  are  in  general  somewhat  lower  than  those 
obtained  by  Jackson  ('13,  '15). 

h.  Thyroid  group.  The  head  averages  very  slightly  heavier 
in  both  females  and  males  to  which  thyroid  was  fed.  The  dif- 
ference  is  probably  insignificant. 

c.  Thymus,  hypophysis  and  pineal  groups.  The  head  in  these 
groups  shows  no  constant  variation  from  the  controls  in  either 
direction.     The  few  small  differences  are  probably  not  significant. 

S.  Eviscerated  Body  (Tables  6  to  9) 

a.  Controls.  The  eviscerated  body  forms  an  average  of  80 
to  84  per  cent  of  the  net  body  weight  in  both  males  and  females. 
This  part  of  the  body  contains  the  muscles,  skin,  skeleton,  body- 
fat,  great  vessels,  lymph  nodes,  and  spinal  cord. 

b.  Thyroid  group.  The  eviscerated  body  in  all  rats  of  both 
sexes  (excepting  3  old  males,  in  which  the  dosage  was  Blight)  - 
is  about  4  per  cent  less  in  relative  (percentage)  weight  than 
that  of  the  controls.  This  loss  is  due  probably  to  loss  of  fat, 
which  is  a  well-known  efifect  of  thyroid-feeding,  especially  with 
high  dos^e.  A  comparison  of  the  body  weights  and  body 
lengths  in  the  control  (muscle-fed)  and  thyroid  groups  shows  a 
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Blight  relative  decrease  in  weight  in  the  thyroid  males  of  higher 
dosage,  but  not  in  the  females. 

c.  Thymus,  hypophysis  and  pineal  groups.  In  all  these  groups, 
the  weight  of  the  eviscerated  body  is  very  close  to  that  of  the 
controls  (muscle-fed).  The  variations  are  slight  and  probably 
insignificant. 

4.  Integument  (tables  6  to  9) 

a.  Controls.  The  average  relative  (percenti^)  weight  of 
the  integument  is  relatively  fairly  close  in  the  various  groups  of 
both  sexes.  In  general,  the  percentages  range  between  21  and 
24  per  cent  of  the  net  body  weight,  the  value  for  the  male  rats 
being  slightly  greater  than  for  the  females,  due  possibly  to  the 
presence  of  a  greater  amount  of  fat  in  the  latter.  This  is  some- 
what higher  than  that  observed  by  Jackson  and  Lowrey  ('12), 
by  more  than  4  per  cent  of  the  entire  net  body  weight,  and  is 
2  per  cent  of  the  entire  body  weight  higher  than  that  observed 
by  Jackson  ('15).  These  differences  are  probably  due  lately 
to  the  varying  amount  of  fat  (or  muscle)  present  in  the 
integument. 

b.  Thyroid  group.  In  the  thyroid  rats  of  each  sex  the  integu- 
ment appears  usually  very  slightly  lighter  in  weight  than  in  the 
controls,  owing  probably  to  loss  of  fat.  Jackson  ('15)  has  shown 
that  during  inanition  the  skin  loses  greatly  in  weight  (probably 
due  chiefly  to  loss  of  fat)  but  that  the  relative  (percentage), 
weight  remains  unchanged  in  adults. 

c.  Thymus,  hypophysis  and  pineal  groups.  In  these  groups, 
the  differences  in  weight  of  the  integument,  as  compared  within 
each  group  and  with  the  controls  (muscle-fed),  are  well  within 
the  limits  of  normal  variation. 

5.  Cartilaginous  skeleton  (tables  6  to  9) 

a.  Controls.  The  relative  weight  of  the  'wet'  cartilaginoiis 
skeleton  averages  about  7.6  per  crtit  of  the  body  weight  in  the 
older  females,  and  about  6.6  per  cent  in  the  older  males.  The 
skeleton  in  the  younger  females  averages  about  6.8  per  cent  of 
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the  net  body  weight  and  in  the  younger  males  about  6.1  per  cent. 
These  correspond  fairly  well  with  the  estimate  of  Jackson  {'15) 
which  was  7  per  cent  of  the  adult  net  body  weight,  and  with  Con- 
row's  observations  (cited  by  Donaldson  '15,  table  53).  The  dif- 
ference between  the  sexes  is  accounted  for  by  the  heavier  body 
w^ht  (with  correspondingly  lighter  skeleton)  in  the  male 
groups,  rather  than  by  any  true  sexual  difference. 

The  older  groups  of  each  sex  on  the  average  appear  to  have 
a  relatively  heavier  skeleton  than  the  younger.  This  is  con- 
trary to  the  general  tendency  of  the  skeleton  during  growth  to 
lag  behind  in  relative  weight.  '  In  these  groups,  however,  the 
differences  in  body  weight  are  much  less  than  usual  for  the  cor- 
responding age  differences,  and  the  increased  weight  in  the 
older  skeletons  is  possibly  due  to  more  advanced  stages  of  ossi- 
fication and  calcification.  Thus  in  two  animals  of  tiie  same 
body  weight,  the  older  apparently  has  a  heavier  skeleton.  This 
tendency  is  not  evident  in  Conrow's  data  (cited  by  Donald- 
son '15),  however. 

In  this  connection  may  be  cited  the  observations  of  Jackson 
('15)  who  found  that  in  young  rats  held  at  constant  body  weight 
by  underfeeding  the  skeleton  continues  its  development  (dif- 
ferentiation and  increase  in  wet  and  dry  weights).  It  is  there- 
fore probable  that  the  relative  weight  of  the  skeleton  depends 
somewhat  upon  the  age  factor,  as  skeletal  growth  is  to  some 
.  extent  independent  of  the  general  growth  of  the  body. 

The  dry  cartilaginous  skeleton  is  likewise  relatively  slightly 
heavier  in  the  female  (3.7  to  4.6  per  cent)  than  in  the  male  (3.2 
to  3.8  pet  cent),  and  the  older  rats  of  both  sexes  have  relatively 
heavier  dry  skeletons  than  the  younger.  The  explanation  for 
this  is  doubtless  the  same  as  that  above  given  for  similar  rela- 
tions in  the  weights  of  the  wet  skeleton  in  different  groups. 
There  is  considerable  variation  shown  by  individuals,  so  tiiat 
the  average  values  for  both  wet  and  dry  skeleton  can  be  con- 
sidered as  only  approximate.  Differences  in  the  technique 
may  also  modify  the  skeletal  weight  considerably.  For  example, 
Conrow's  data  for  the  dry  skeleton  (cited  in  Donaldson's  table 
53)  are  too  high,  because  her  method  of  drying  at  room  tempera- 
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ture  is  inadequate  to  remove  all  the  moisture.    More  data  are 
needed  to  establish  a  satisfactory  norm. 

b.  Thyroid  groups.  The  skeleton  appears  slightly  heaviw 
for  the  thyroid  treatment  in  the  average  of  the  younger  groups. 
A  comparison  of  the  individual  data  shows  that  both  wet  and 
dry  skeletons  average  somewhat  heavier  in  most  of  the  rats 
receiving  higher  dosage  of  thyroid  than  in  those  of  low  dosage 
and  controls.  This  suggests  that  the  thyroid  treatment  may 
perhaps  tend  to  stimulate  skeletal  development,  as  claimed 
by  Bircher  ('10b).  However,  the  possibility  of  errors  from  ac- 
cidental variations  must  be  kept  in  mind,  as  the  differences 
found  are  not  very  great,  and  were  not  constant  in  every  litter. 

c.  Tkymtis,  hypophysis,  and  pineal  groups.  The  various 
groups  fed  thymus,  hypophysis  and  pineal  glands  show  no  im- 
portant or  constant  variation  from  the  controls  in  regard  to 
the  skeleton.  If  any  effect  was  produced,  it  is  so  slight  as  to 
be  masked  by  normal  variation. 

6.  Brain  {tablet  4  to  10) 

a.  Controls.  As  shown  by  tables  4  and  5,  the  absolute  weight 
of  the  brain  does  not  vary  greatly  from  that  shown  by  Donald- 
son's tables  for  rats  of  similar  sex  and  body  weight  or  body 
length. 

In  percentage  weights,  as  might  be  expected,  the  males  have 
'  relatively  lighter  brains  than  the  females,  and  the  older  brains 
average  hghter  than  the  younger,  on  account  of  the  fact  that 
the  brain  lags  behind  in  the  growth  of  the  body. 

6.  Thyroid  groups.  On  comparing  directly  the  average  rel- 
ative (percentage)  weights  (tables  8  and  9)  of  the  controls  (mus- 
cle-fed) and  thyroid-fed  animals,  the  brain  in  the  latter  appears 
slightly  heavier  in  all  except  the  yoimger  group  of  males;  but 
on  comparing  the  absolute  weights  with  the  Wistar  norms  for 
animals  of  corresponding  body  weight,  it  is  found  that  the  dif- 
ference in  the  various  Utters  is  not  constant  and  the  brain  of 
the  thyroid-fed  rats  averages  even  smaller  than  the  normal 
(table  10). 
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c.  Thymue,  hypophysis,  and  pineal  groups.  There  is  no 
constant  variation  of  the  brain  in  these  groups.  There  appears 
to  be  a  Blight  tendency  to  increase  in  the  brains  of  the  hypo- 
physis-fed group  (less  marked  than  in  the  case  of  the  thyroid), 
but  the  difference  is  not  constant. 

7.  EyehaUs  {tables  Jt  to  10) 

a.  Controls.  The  absolute  weight  of  the  eyeballs  in  my  ani- 
mals corresponds  fairly  closely  to  that  of  Donaldson's  norms  (ex- 
cepting the  younger  males),  as  shown  in  tables  4  and  5.  In 
comparing  the  relative  weights  of  groups  of  each  sex  (tables 
8  and  9)  the  eyeballs  appear  relatively  heavier  in  the  older  groups, 
although  in  these,  with  heavier  body  weight,  the  eyeballs  would 
be  expected  to  be  relatively  lighter.     As  suggested  by  Jackson 


Compariton  of  principal  data  for  control  female  albiT%o  rati  vnth  the  Wietar  UibUi 
of  Donaldson  (,'IB).  Weight  i»  the  averase  exprtMed  in  grams.  Comparison  it 
made  wilh  Wietar  Tiorms  both  of  the  same  body  length  and  of  the  lame  grott  body 

weight. 


Body  length,  cm 

Gross  body  weight,  g. 

Tail-Ratio 

Age  (days) 

Organs: 

Eyeballs 

Heart 

Kidneys 

Spleen 

Alimentary  Tract. . 

Ovaries 

Hypophysis 

Suprarenale 

Thymus* 


1.781 
0,276 
0-737 
1.379 
7.530 
0.751 
1  000 
6,966 
0  053 

0  on 

0.049 
(0.134) 


9,600 
0-505 
1.119 
9-680 
0.049 
0.013 
0-050 
(0,153) 


o-on 

0,045 

(0.278) 


1.782 
0.244 
0.677 
1.414 


0,047 
0.01 1 
0.044 


'  Thymus  compared  with  regard  to  age  (213  days  average  for  the  older  group, 
and  92  days  for  the  younger  group)  instead  of  regard  to  body  length  or  weight. 
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TABLES 

Compariton  of  priTieipal  data  for  control  male  aJinno  rata  witk  the  Wistar  Tobies 
of  DonaUUim  ('/£).  Weight  i*  the  merane  exprested  in  grame.  Compariton  it 
made  with  the  Wietar  norm*  of  the  same  body  length  and  of  the  eame  groM  body 
meighl. 


Body  length,  cm.. 
GroBs  body  weight,  g. 

Tail-R&tio 

Age  (days) 

Organs: 

Eyeballs 

Heart 

Kidneys 

Spleen 

Alimentary  Tract. , 

Testes 

Hypophyaia 

Suprarenals 

Thymus* 


21.2 
232.5 
0.783 


9.351 
2.222 
0.009 
0.031 

(0.155) 


21.2 

238.1 

0-85 


0.918 
1.092 

11.440 
0.630 
1.365 

11.360 
2.397 


1.907 
0.291 
0.905 


1.872 
0-273 
0.814 


1.199 

2.248 
0.008 
0.031 

(0.298) 


10.590 
0.572 
1.261 


•  Thymus  compared  with  regard  to  age  (193  days  average  for  older  group, 
and  90  days  average  for  younger  group)  instead  of  regard  to  body  length  or  weight. 

('13),  however,  the  growth  of  the  eyeballs  may  tend  to  be  cor- 
related with  age,  rather  than  with  body  weight  (as  is  known  to 
occur  in  the  thymus).  These  differences  may  therefore  be  due 
to  age  changes,  to  normal  variability,  or  perhaps  merely  to 
differences  in  the  technique  of  removal  of  the  eyeballs. 

6.  Thyroid  groups.  The  eyeballs  average  heavier  in  relative 
weight  than  those  of  the  controls  in  both  sexes,  but  the  differences 
obtained  are  slight  and  probably  of  no  significance.  Comparison 
according  to  the  method  of  Donaldson  {'15)  shows  them  slightly 
lighter  in  weight  in  the  males  than  those  of  the  corresponding 
controls,  but  in  the  females  slightly  heavier. 

c.  Thymua,  hypophysis  and  pineal  groups.  In  most  cases, 
the  eyeballs  in  these  groups  average  relatively  slightly  heavier 
than  those  of  the  controls.  No  particular  significance  other 
than  variability  is  attached  to  this  fact. 
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8.  Tktrr<ndGlanditable8  6to9) 

a.  Controls.  The  thyroid  of  my  rata  cannot  be  compared 
directly  with  that  of  other  investigators  owing  to  the  different 
technique  with  which  it  was  removed  from  the  body,  as  de- 
scribed in  'Material  and  Methods.'  The  weight  is  about  one- 
third  less  than  the  Wistar  nonn,  probably  on  account  of  removal 
of  the  capsule.  There  is  also  extreme  variation  in  the  weight  of 
this  gland  even  in  different  members  of  the  same  litter.  Usually 
it  appears  relatively  heavier  in  the  older  than  in  the  yotmger 
rats,  and  also  slightly  heavier  in  females.  Jackson  '(13)  and 
Hatai  ('13)  also  have  found  the  thyroid  gland  to  be  exceedingly 
variable,  so  no  final  conclusions  can  be  drawn  as  to  the  normal 
weight  of  this  gland. 

b.  Thyroid  groups.  The  thyroid. gland  (tables  6  to  9)  shows 
no  constant  changes  as  a  result  of  the  thyroid  feeding.  Any 
effect  if  produced  is  hidden  by  the  great  normal  variability. 
In  view  of  the  great  variability  in  the  weight  of  this  organ,  final 
conclusions  in  regard  to  the  effect  of  thyroid  feeding  upon  the 
wei^t  of  the  thyroid  gland  are  not  justified  from  the  available 
observations. 

c.  Thymus,  hypophysis,  and  pineal  groups.  In  these  groups 
likewise  the  thyroid  appears  variable  when  compared  with  the 
controls,  and  the  results  are  not  sufficiently  marked  or  con- 
stant to  warrant  any  conclusion  regarding  the  effects  upon  the 
wei^t  of  the  thyroid  gland  of  feeding  these  substances. 

9.  Thymus  {tables  4  to  9) 

a.  Controls.  The  thymus  also  is  not  to  be  compared  very 
closely  with  that  described  by  previous  workers.  The  usual 
method  of  comparison  considers  the  weight  of  the  gland  at  dif- 
ferent ages.  Theoretically,  the  organ  in  the  albino  rat  in- 
creases in  size  gradually  until  at  about  85  days  it  reaches  its 
maximum  weight  of  0.29  grams  (Hatai  '14),  but  as  is  well  known, 
many  conditions  influence  the  involution  of  this  organ.  Its 
weight  varies  considerably  in  rats  of  the  same  size  and  age  even 
when  the  animals  are  apparently  normal  and  kept  under  nearly 
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identical  conditions.    According  to  Jackson  ('13)  the  coe£Scient  . 
of  variability  in  weight  of  the  thymus  at  10  weeks  is  22  to  25. 

When  compared  in  absolute  weight  with  Donaldson's  Wistar 
norm  for  rats  of  corresponding  age  (tables  4  and  5)  it  appears 
that  in  my  rats  the  thymus  is  somewhat  Ughter,  except  in  the 
younger  male  group.  The  age  involution  is  well  known  on 
comparing  the  older  and  younger  groups  (tables  6  to  9),  the 
corresponding  body  weights  in  both  cases  being  not  greatly 
different. 

b.  Thyroid  groups.  The  thymus  shows  no  constant  differ- 
ence in  weight  that  can  be  attributed  to  the  thyroid  diet.  It  ia 
under  weight  in  the  females  by  an  average  of  10  per  cent,  but  not 
in  the  males. 

c.  Thymus,  hypophysis,  and  pineal  groups.  The  thymus 
appears  relatively  much  heavier  than  normal  in  the  thymus- 
fed  older  males,  but  as  no  corresponding  difference  is  found  in 
the  yoiu^^r  males,  or  in  the  females,  the  result  is  probably  due 
to  accidental  variations. 

10.  Heart  {tables^  to  10) 

a.  Controls.  In  absolute  weight,  the  heart  of  the  older  rats 
in  my  series  (tables  4  and  5)  is  in  general  in  fairly  close  agreement 
with  the  corresponding  data  in  Donaldson's  tables,  but  in  my 
younger  males  the  heart  is  considerably  heavier  than  Donald- 
son's norm  for  rats  of  corresponding  body  weight  or  length. 
Jackson  ('13)  also  found  the  normal  heart  relatively  somewhat 
heavier  than  would  be  expected  according  to  Hatai's  curve  of 
theoretical  growth. 

h.  Thyroid  groups.  The  heart  shows  a  very  marked  hyper- 
trophy in  rats  to  which  thyroid  was  fed,  exceptii^  3  old  males, 
in  which  the  dosage  was  too  small  to  be  effective.  If  calculated 
by  Donaldson's  method,  the  hypertrophy  amounts  to  24.6  and 
16.7  per  cent  for  the  older  and  younger  females  respectively, 
and  36  and  15.4  per  cent  for  the  corresponding  males  (table  10). 

c.  Thyrmis,  hypophysis,  and  pineal  groups.  No  constant 
or  apparently  significant  variations  appear  in  the  heart  in  these 
groups. 
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Tkyroid-fed  aUtino  rait.    Average  perceniage  demoHon  of  organ  toeight  from  that 
of  the  conlTol  rats,  compared  aeeording  to  DotuMeon's  method  (,'Tke  Rat,'  DonaU- 


OI.D»B  QBOtm 

TOUHOBS  OBODH 

F<Hii<d» 

UtiM 

F«n.k. 

UllN 

Brain 

VcnU 

-  3.6 
+  0,5 
+24.6 
+26.7 
+41.3 
+12.1 
+16.1 
+46.3 

-  3.2 

-11.6 

+  0.1 

-  0-1 

+36.0 
+24.6 

+86.0 
+11.8 
+38.1 
+44.4 

-  0.2 
+21.3 

parmt 
+  0.5 

+  6.8 
+16.7 
+30.5 
+15.0 

+14.5 
+33.0 

-  3.5 

-  8.8 

5  5 

Eyeballs 

Liver. 

+18  0 

11.  Lungs  {tables  4  to  9) 

a.  Controls.    The  weights  of  the  lungs  in  the  older  rats  are  * 
coneiderably  heavier  than  those  of  Donaldson's  tables,  owing 
to  the  prevalence  of  pulmonary  infection  in  my  older  rats.    The 
younger  rats  are  in  close  agreement  with  the  Wistar  tables. 

b.  Thyroid  groups.  On  account  of  the  great  variation  due 
to  the  frequency  of  lung  infection  (especially  in  the  older  ani- 
mals), no  conclusions  can  be  drawn  from  the  apparent  changes 
in  the  weight  of  the  lungs  in  the  thyroid-fed  groups. 

c.  Thymus,  hypophysis,  and  pineal  groups.  There  are  no 
differences  that  are  of  significance  in  the  we^ts  of  the  lun^ 
in  these  groups. 

IS.  Liver  (tfOtles  4  to  10) 

a.  Controls.  In  absolute  weight,  the  liver  averaged  some- 
what below  the  corresponding  figures  in  Donaldson's  Wistar 
tables,  excepting  in  the  younger  males.  Jackson  ('13)  also 
found  the  hver  normally  considerably  below  the  theoretical 
curve  derived  by  Hatai  ('13).  The  liver  is  known  to  vary  greatly 
under  different   circumstances,    however,    and   is  considerably 
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influenced  in  size  by  diet,  etc.  One  m^t  expect  a  relatively 
larger  liver  in  the  female,  which  is  said  to  be  more  active  than 
the  male  (Slonaker  '12), 'since  exercise  has  been  shown  to  cause 
hypertrophy  of  this  organ  (Hatai  '15).  Jackson  ('13)  found 
the  liver  heavier  in  the  male,  however,  and  this  is  apparently 
true  also  for  my  control  animals. 

6,  Thyroid  groups.  In  the  thyroid-fed  groups,  (tables  8  to 
10)  the  Uver  appears  relatively  considerably  heavier  than  in  the 
controls.  When  compared  accordii^  to  Donaldson's  method, 
the  females  show  an  increase  in  the  absolute  weight  of  the  liver 
of  26.7  per  cent  and  30.5  per  cent  for  the  older  and  youi^r 
groups  respectively,  and  the  males  -show  a  corresponding  in- 
crease of  24.4  per  cent  and  6.4  per  cent.  The  apparently  small 
increase  in  the  weight  of  the  liver  of  the  younger  males  is 
probably  to  be  explained  by  the  fact  that  the  Uver  is  unusually 
heavy  in  the  corresponding  control  group.  Even  when  due  al- 
lowance for  normal  variability  is  made,  a  hypertrophy  of  the 
liver  due  to  thyroid  feeding  is  therefore  strongly  indicated. 

c.  Thymua,  hypophysis,  and  pineal  groups.  In  all  the  youi^er 
groups  of  females  tiie  liver  average  larger  than  in  the  controls, 
but  as  no  corresponding  difference  is  found  in  the  other  groups, 
the  variation  is  probably  not  significant. 

IS.  Spleen  {tables  4  to  10) 

a.  Consols.  As  appears  by  comparing  the  individual  data, 
the  absolute  weight  of  the  spleen  in  the  control  groups  is  from 
30  per  cent  to  100  per  cent  higher  than  the  figures  for  corres- 
ponding animals  in  Donaldson's  Wistar  tables.  In  the  latter 
tables,  however,  the  figures  for  the  spleen  are  derived  from 
the  formula  of  Hatai  ('13)  who  used  data  from  which  the  'en- 
larged' spleens  had  been  excluded.  Whether  these  tables  for 
the  spleen  really  represent  the  true  norm  is  therefore  question- 
able, since  it  is  not  known  whether  the  'enlai^ed'  spleens  are 
actually  pathological,  or  represent  merely  extreme  cases  of 
normal  variation  in  size.     Jackson  ('13)  found  the  variability 
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of  the  spleen  in  the  rat  very  hi^  (coeflScient  of  variation  aver- 
aged about  35).  His  relative  (percentage)  values  for  the  nor- 
mal spleen  (including  all  specimens)  &re  also  somewhat  above 
the  curve  derived  from  Hatai's  fonnula  (excluding  enlai^ed 
specimens),  but  are  considerably  lower  than  mine,  excepting  - 
the  old  male  group  (tables  8  and  9) .  It  is  evident  that  my  con- 
trol spleens  are  relatively  larger  than  that  which  is  usually  con- 
sidered normal,  but  it  is  impossible  to  say  whether  or  not  this 
is  due  to  normal  variabihty.  A  study  of  individual  data  shows 
that  the  weight  of  the  spleen  in  most  rats  varies  in  the  same  direc- 
tion as  that  of  the  Uver.  Dr.  Hatai  of  the  Wistar  Institute 
has  told  me  that  he  also  has  noted  such  correlation.  This  fact 
is  in  agreement  with  the  doctrine  that  the  spleen  functions  in 
furnishing  certain  materials  to  the  liver  for  use  in  general  meta- 
bolism. Sweet  and  Ellis  ('15)  state  that  where  digestion  is 
interfered  with  greatly  by  removal  of  the  external  function  of 
the  pancreas,  the  spleen  undergoes  marked  simple  atrophy. 

b.  Thyroid  groups  {tables  6  to  10).  In  relative  weight  where 
the  averages  of  the  thyroid  groups  are  compared  with  the  entire 
control  group  it  is  seen  that  there  is  an  increase  in  the  weight 
of  the  spleen  of  about  25  per  cent.  According  to  Donaldson's 
method  of  comparison  the  increase  in  absolute  weight  amounts 
to  41.3  per  cent  and  15  per  cent  in  the  older  and  younger  finale 
groups,  and  of  86  per  cent  and  6.4  per  cent  in  the  corresponding 
male  groups  (table  10).  The  apparently  small  increase  shown 
by  the  younger  group  of  males  is  due  to  an  unusually  large  spleen 
in  the  control  group,  in  which  the  liver  was  also  unusually  lai^ 
(as  above  mentioned). 

c.  Thymus,  hypophysis,  and  pineal  groups.  As  might  be  ex- 
pected, the  spleen  in  these  groups  shows  considerable  variabilil?, 
but  it  is  probably  within  the  limits  of  normal  variation.  There 
appear  decidedly  smaller  spleens  in  the  thymus-fed  male  group, 
but  the  results  are  not  constant,  and  of  doubtful  significance. 
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14-  Alimentary  coTtal  {tables  4  ^  iO) 

a.  Conirola.  As  may  be  seen  in  tables  4  and  5,  the  absolute 
weights  obtained  for  the  alimentary  canal  (empty  stomach 
and  intestines,  plus  mesentery  and  pancreas)  average  slightly 
lower  than  in  Donaldson's  tables  corresponding  to  the  older 
males  and  females.  In  my  younger  rats,  no  data  for  this  sys- 
tem are  available.  The  alimentary  canal,  including  the  stomach 
and  intestine  when  freed  from  the  pancreas  and  mesentery, 
weighs  about  3  grams  in  the  younger  female  rats  (average  13 
weeks  old)  and  4.1  grams  in  the  males  of  the  same  age,  forming 
about  2.1  per  cent  of  the  net  body  we^t  in  the  former  and  a 
little  less  in  the  latter  (tables  8  and  9).  The  measurements  can 
be  made  only  approximately  on  accoimt  of  the  difficulty  in 
removing  completely  the  contents  of  the  canal  without  loss  of 
a  part  of  the  mucosa.  No  data  for  comparison  with  the  digestive 
canal  without  mesentery  are  available. 

6.  Thyroid  groups.  The  empty  alimentary  canal  appears 
heavier  in  relative  weight  both  in  males  and  females  of  the  older 
thyroid  groups  than  in  the  correspondii^  controls  (tables  8  and 
9).  In  no  case  is  the  difference  very  large,  however,  and  owing 
to  variability  and  difficulty  in  securing  exact  weights  of  the 
empty  canal,  the  difference  is  of  doubtful  significance.  Com- 
pared by  Donaldson's  method,  the  increase  in  weight  is  about 
12  per  cent  in  each  older  group  (table  10). 

c.  Thymus,  hypophysis,  and  pineal  groups.  The  variations 
observed  in  the  alimentary  canal  of  these  groups  (tables  6  to 
9)  in  comparison  with  the  controls  are  inconstant,  and  probably 
within  the  limits  of  normal  variability  and  expierimental  error. 

16.  Suprarenal  glands  (tables  4  to  10) 

a.  Controls.  In  absolute  weight  as  compared  with  Donald- 
son's norms,  the  suprarenals  of  my  rats  (tables  4  and  5)  are 
somewhat  Ught  in  the  case  of  the  males,  but  correspond  more 
closely  in  the  females. 

In  relative  weight  (tables  8  and  9)  my  data  correspond  fairly 
well  with  the  results  of  Jackson  ('13),  but  the  suprarenals  of 
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my  rats  have  a  slightly  higher  percentage  in  the  females  and 
lower  in  the  males,  than  in  Jackson's  o\der  rats  of  corresponding 
body  weight.  The  sexual  difference  in  the  weight  of  the  supra- 
renals  discovered  independently  by  Jackson  ('13)  and  by  Hatai 
('13)  occius  likewise  in  my  rats. 

b.  Thyroid  groups.  As  Bhown  in  tables  6  to  10,  the  thyroid- 
fed  animals  show  a  distinct  increase  in  the  relative  size  of  the 
BUprarenals  in  all  groups.  According  to  Donaldson's  method 
of  comparison,  the  younger  females  show  an  overgrowth  in 
the  absolute  weight  of  the  suprarenals  of  14.5  per  cent,  the 
older  females  of  16. 1  per  cent,  the  younger  males  of  36.4  per  cent, 
and  the  older  males  of  38.1  per  cent  (table  10).  This  indicates 
that  the  reaction  of  the  suprarenals  to  thyroid  treatment  is 
relatively  greater  in  males,  in  which  sex  the  gland  is  normally 
relatively  lighter  in  weight  than  it  is  in  the  females. 

c.  Thymtia,  hypophysis,  and  pinecd  groups.  In  all  these  groups 
the  suprarenal  glands  do  not  appear  to  differ  from  the  controls 
more  than  might  be  expected  from  the  normal  variability  (tables 
6  to  9).  In  the  younger  pineal-fed  female  rats,  however,  the 
suprarenals  average  about  9  per  cent  t^ter  in  weight  than  in 
the  corresponding  controls. 

16.  Kidneys  (tables  4  to  10) 

a.  Controls.  As  compared  with  Donaldson's  tables,  the 
kidneys  in  my  rats  (tables  4  and  5)  were  somewhat  heavier 
in  the  younger  groups  and  lighter  in  the  older  groups.  The 
differences  are  not  great,  however,  and  may  possibly  be  due  to 
age.  My  younger-  rats  are  larger  than  is  usual  at  that  age. 
The  relative  size  of  the  kidney  tends  to  decrease  with  the  less 
active  metabolism  of  adult  life. 

In  relative  (percentage)  weight  (tables  8  and  9),  all  the  groups 
are  in  fairly  close  agreement  with  the  restilts  obtained  by  Jack- 
son ('13)  for  rats  of  the  same  age.  In  two  rats  of  the  same  sex 
and  same  size  but  of  different  age,  the  younger  usually  has  larger 
kidneys. 
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6.  Thyroid  groups.  The  kidneys  reacted  to  the  thyroid  feed- 
ing in  a  manner  similar  to  that  descrihed  for  the  Uver,  but  to  a 
greater  extent  (tables  6  to  10).  Accordii^;  to  Donaldson's 
method  of  comparison  the  increase  in  the  absolute  weight  of  the 
kidneys  is  as  follows:  older  females  46.3  per  cent,  younger  fe- 
males 33.0  per  cent,  older  males  44:4  per  cent,  and  younger 
males  40.4  per  cent  (table  10). 

c.  Thynma,  hypophysis  and  pineal  groups.  As  shown  in 
tables  6  to  9,  the  kidneys  in  the  various  groups  fed  on  thymus, 
hypophysis  and  pineal  gland  show  no  very  constant  variations 
from  the  controls.  The  differences  are  mostly  small  and  are 
probably  due  to  normal  variabiUty.  The  kidneys  of  the  hypo- 
physis-fed females  average  12  per  cent  heavier  than  the  con- 
trols, however,  and  those  of  the  pineal-fed  males  average  16. 
per  cent  under  normal  weight. 

17.  Ovaries  (tables  4,  6,  8  and  10) 

a.  Controls.  In  absolute  weight,  the  ovaries  appear  con- 
siderably heavier  for  the  younger  group,  and  slightly  heavier 
for  the  older  group  (table  4)  than  the  corresponding  ovaries 
in  Donaldson's  tables.  In  relative  (percentage)  weight,  the 
ovary  in  the  yoimger  groups  similarly  exceeds  the  normal  foimd 
by  Jackson  ('13),  and  is  about  equal  in  the  older  group.  The 
ovaries  are  normally  found  to  be  exceedingly  variable  in  weight. 
This  is  to  be  explained  partly  on  accoimt  of  varying  stages  of 
ovulation,  and  partly  to  technical  difficidties  of  dissection 
(Jackson  '13). 

&.  Thyroid  groups.  The  ovaries  in  the  thyroid  groups  appear 
nearly  imchanged,  the  shght  differences  being  very  probably 
due  to  normal  variation. 

c.  Thymus,  hypophysis,  and  pineal  groups.  On  comparing 
the  relative  weights  of  the  ovaries  in  these  groups,  no  important 
or  constant  changes  are  found  (table  8),  except  in  the  pineal- 
fed  group.  In  these  the  ovaries  appear  considerably  imder 
weight,  as  compared  with  the  controls.  The  decrease  in  ab- 
solute weight  shown  by  Donaldson's  method  is  16.7  and  27,0 
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per  cent  for  the  older  and  younger  groups  respectively.  Pos- 
sibly pineal  feeding  retards  growth  of  ovaries,  but  on  account 
of  their  great  variability  and  the  comparatively  small  number 
of  observations,  there  is  considerable  doubt  as  to  whether  the 
decrease  noted  is  significant. 

18.  Testes  {tables  5,  7,  9  and  10) 

a.  ControU.  In  absolute  weight,  compared  with  Donald- 
son's tables,  the  testes  in  my  rats  average  slightly  lighter  {table  5) 

In  relative  (percentage)  weight  (table  9),  in  comparison  with 
the  observations  of  Jackson  ('13)  on  animals  of  corresponding 
weight,  the  testes  in  my  series  appear  relatively  lighter  in  the 
older  group  and  of  about  the  same  relative  weight  in  the  younger 
groups.  Jackson's  data  included  the  epididymis,  however, 
and  on  this  basis,  with  testis  and  epididjanis  combined,  both 
nqr  old  and  young  groups  would  appear  to  have  heavier  organs. 

6.  Thyroid  group.  The  testes  of  both  sub-groups  of  the  thy- 
roid-fed males  (table  9)  show  a  slif^t  increase  in  relative  weight 
as  compared  with  the  entire  group  of  controls.  This  overgrowth 
ranges  from  about  7  per  cent  in  the  group  of  older  rats  (in  part 
of  which  the  dosage  is  very  small  and  ineffective)  to  13  per  cent 
in  the  young  animals.  Calculated  by  Donaldson's  method  the 
older  rats  are  seen  to  have  testes  of  the  same  absolute  weight 
as  the  controls,  and  the  younger  rats  to  have  heavier  (10  per 
cent)  testes  than  the  corresponding  controls.  As  in  the  case 
of  the  ovaries,  however,  the  testes  show  considerable  normal 
variability,  and  conclusions  based  upon  a  relatively  small  num- 
ber of  observatipns  must  be  carefully  guarded. 

c.  Thymus,  hypophysis,  and  pineal  groups.  In  these  groups 
the  testes  show  no  important  or  constant  changes  in  comparison 
with  the  controls,  and  the  differences  (e.g.,  the  apparent  slight 
retardation  of  the  testis  in  pineal-fed)  are  probably  not  signifi- 
cant. Microscopic  examination  of  the  testis  of  a  thymus-fed 
rat  showed  no  degeneration,  although  Hewer  ('14)  found  such 
condition  in  rats,  some  of  which  were  fed  but  slightly  more  thy- 
mus than  some  of  my  rats  received.  (Mine  were  fed  up  to  1.4 
grams  fresh  or  0.15  grama  dried  thymus  on  alternate  days;  hers 
were  fed  1  to  4  grams  of  the  fresh  thymus  daily.) 
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19.  Epididymi  (tables  7  and  9) 

a.  C(mlroU.  Few  data  are  available  for  comparison.  Jackson 
('13)  states  that  after  the  age  of  puberty  the  epididymis  weighs 
about  one-third  as  much  as  the  testis,  and  in  extreme  cases 
one-half.  In  my  series  (tables  7  and  9)  the  eipdidymi  average 
about  one-fourth  as  heavy  as  the  testes  in  the  younger  (0.28 
per  cent  of  net  body  weight),  and  about  one-third  as  heavy  in 
the  older  group  (0.34  per  cent  of  net  body  weight).  Some  of 
the  variabihty  in  the  weight  of  the  epididymis  is  due  to  the 
-difficulty  in  removing  the  fat  associated  With  it. 

6.  Thyroid  groups.  The  epididymi  in  the  thyroid  group, 
like  the  testes,  appear  slightly  lai^er  than  in  the  control  rats 
(tables  7  and  9).  It  is  doubtful  whether  they  are  stimulated 
in  growth  by  the  thyroid  treatment,  however. 

c.  Thymus,  hypophysis,  and  pineal  groups.  In  these  groups, 
aa  was  true  in  regard  to  the  testis,  the  variations  in  comparison 
with  the  controls  are  probably  not  significant. 

£0.  Pineal  body   {tables  6  to  9) 

a.  Controls.  No  attempt  has  hitherto  been  made  to  deter- 
mine the  normal  weight  of  this  small  organ  in  a  tat^  series  of 
albino  rats.  Biedl  ('13)  gives  the  weight  as  0.0020  g.,  which  is 
considerably  higher  than  the  average  weights  in  my  series 
(0.0011  g.  in  the  females  and  0.0013-0.0014  g.  in  the  males, 
tables  6  and  7).  The  weight  values  obtained  vary  greatly  on 
accoimt  of  the  extremely  small  size  of  the  gland.  Relatively 
(tables  8  and  9)  there  seems  to  be  no  significant  difference 
according  to  s^  or  age,  although  the  percent^e  weight  ap- 
pears to  be  somewhat  less  in  the  animals  of  greats  body 
weight,  and  this  to  some  ^d«nt  is  due  to  ^e.  Recently,  from 
data  secured  through  the  kindness  of  Dr.  Donaldson  and  Dr. 
Hatai,  I  note  that  the  values  obtained  for  the  pineal  body  in 
rats  at  the  Wistar  Institute  agree  fairly  closely  with  mine. 

6.  Thyroid  groups.  The  pineal  body  in  the  thryoid-fed  rats 
(tables  8  and  9)  averages  in  relative  weight  somewhat  heavier 
in  the  various  groups  than  in  the  correspondii^  controls.     The 
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difference  ie  not  constant  in  every  litter  so  that,  although  it  is 
possible  that  the  thyroid  medication  increases  the  weight  of 
this  oi^an,  the  data  are  insufficient  for  a  final  conclusion. 

c.  Thymus,  hypophysis,  and  pineal  groups.  On  comparing 
the  relative  weights  of  the  pineal  body  in  these  groups,  the  re- 
sults in  the  case  of  the  thymus-fed  and  hypophysis-fed  are  very 
inconstant.  In  the  pineal-fed,  as  in  the  thyroid-fed  rats,  the 
pineal  body  appears  usually  increased  in  relative  weight.  The 
difference  in  weight  is  not  constant  in  every  litter,  and  hence  is 
of  doubtful  significance,  in  all  of  these  three  groups. 

SI.  Hypophysis  (tables  7  to  10) 

a.  Controls.  In  absolute  weight  the  hypophysis  in  both  male 
and  female  rats  in  my  series  agree  fairly  well  with  Donaldson's 
tables  for  rats  of  correspondii^  body  length  or  body  weight  (tables 
4  and  5).  There  is  a  sexual  difference  in  the  weight  of  this  or- 
gan, as  discovered  by  Hatai  C'13).  As  seen  in  tables  8  and  9, 
the  average  percentage  of  the  net  body  weight  for  the  hypophysis 
ia  about  0.0066  per  cent  in  the  females  and  0.0039  per  cent  in 
the  males  (not  much  change  according  to  age  or  body  weight). 
Thus  the  hypophysis,  like  the  suprarenal  body,  is  in  the  adult 
rats  relatively  much  larger  in  the  female. 

b.  Thyroid  groups.  On  comparing  the  thyroid-fed  animals 
with  the  controls  (tables  8  to  10),  there  appears  a  very  slight 
decrease  in  relative  weight  of  the  hypophyais  in  the  female  groups. 
In  both  male  groups  there  is  a  decided  increase  in  the  weight 
of  the  hypophysis.  With  Donaldson's  method  of  comparison 
the  decrease  in  absolute  weight  in  the  older  and  younger  female 
groups  is  11.5  and  8.8  per  cent  respectively,  and  the  increase 
in  the  corresponding  males  is  21.3  and  18.0  per  cent  (table  10). 
These  results  may  be  interpreted  as  indicating  a  sexual  differ- 
ence in  the  effect  of  thyroid  feeding  upon  the  hypophysis,  the 
effect  being  most  marked  in  the  males.  The  thyroid-feeding 
therefore  tends  to  reduce  the  normal  difference  between  the 
sexes  in  the  weight  of  the  hypophysis. 
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SS.  Summary 

a.  Comparison  of  controls  with  established  norms  for  body 
weight,  body  and  tail  length,  and  size  of  organs.  Id  r^ard  to 
body  Weight,  the  cootrol  rats  used  in  this  investigatioD  as  well 
as  the  experioieDtal  aDimals  can  be  divided  into  two  groups: 
(1)  an  older  group  C'sununer-bom')  which  were  bom  in  the 
summer  and  early  fall;  and  (2)  a  younger  group  ('winter-bom') ' 
which  were  bom  in  the  winter  and  spriiig.  The  first  group 
maintained  about  the  same  size  and  body  weight  as  the  rata 
of  Donaldson  ('06)  and  Jackson  ('13).  The  second  group, 
especially  the  males,  were  considerably  larger  at  every  stage, 
and  more  nearly  resembled  in  growth  the  selected  strong  and 
vigorous  litters  of  rats  recently  studied  by  King  ('15). 

The  ratio  of  tail  length  to  body  length  is  somewhat  less  in 
my  series  than  in  the  norms  of  Jackson  ('15)  and  those  calculated 
from  Donaldson's  Wistar  tables.  That  is,  my  rats  were  rela- 
tively short-tailed. 

The  variability  of  growth  in  body  weight,  body  length  and 
tail  lei^th  is  thus  emphasized.  Such  differences  may  occur 
in  different  'strains'  of  rats,  especially  under  different  conditions 
of  environment,  diet,  etc.  Experience  shows  that  the  average 
body  weight  may  be  considerably  increased  by  unusual  care 
and  Uberal  feeding.  Exercise  has  also  been  shown  to  affect 
markedly  the  growth  of  the  body  (Sionaker  '12)  and  organs  (Hatai 
'15)  of  the  rat. 

As  to  the  absolute  weights  of  the  individual  organs  and  parts, 
the  data  for  the  controls  in  general  agree  fairly  well  with  those 
of  Donaldson's  Wistar  tables  for  corresponding  body  length 
and  body  weight  (tables  4  and  5).  The  differences  are  in  most 
instances  no  greater  than  might  be  expected  from  normal  varia- 
bility, especially  in  rats  of  different  strain  kept  under  different 
environment.  In  some  cases  (e.g.,  thyroid  gland,  thymus,  and 
alimentary  canal)  there  are  differences  due  to  difference  in  the 
technique  of  removing  the  organs. 

In  the  case  of  the  very  rapidly  growing  rats,  it  is  quite  probable 
'  that  some,  of  the  peculiarities  (e.g.,  of  skeleton,  spleen,  liver. 
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heart,  kidneys)  in  comparison  with  older  rats  of  similar  body 
weight  may  be  due  to  changes  with  age,  independent  of  body 
weight.  The  younger  rats  with  more  rapid  metabolism  may 
have  relatively  larger  organs.  Donaldson  has  found  a  close 
correlation  between  the  water  content  of  the  central  nervous 
system  and  age  in  the  rat.  The  age  involution  of  the  thymus 
is  well  known,  and  Jackson  ('13)  foimd  indications  of  correlation 
with  age  in  the  weight  of  the  eyeballs.  Similar  relations  are 
possible  in  other  organs,  although  organ  weight  in  general  is 
doubtless  more  closely  correlated  with  body  weight  than  with  age. 

In  relative  (percentage)  weights,  the  organs  likewise  are  in 
general  correspondence  with  the  results  of  Jackson  ('16),  the 
differences  in  most  cases  being  within  the  limits  of  normal  varia- 
bility to  be  expected.  There  was  noted  a  marked  correlation 
between  the  weights  of  the  spleen  and  liver  in  most  cases. 

b.  Effects  of  thyroid  feeding.  The  thyroid  diet  apparently 
affected  the  gross  body  weight  of  the  rats  but  very  slightly. 
The  'higher  dosage'  animals  averaged  slightly  heavier  than  the 
controls  and  other  groups  (charts  3  and  4),  but  the  difference 
is  perhaps  too  shght  to  be  significant.  If  the  loss  in  fat  of  the 
thyroid-fed  animals  be  taken  into  account,  an  increased  weight 
of  the  remainder  of  the  body  appe,ars. 

The  results  are  not  incompatible  with  the  view  that  t^  thy- 
roid feeding  with  small  dosage  an  increase  in  body  weight  is 
produced  (as  found  by  Moussu  '99,  and  Schafer  '12),  while  with 
higher,  dosage  a  decrease  or  retardation  in  body  weight  is  pro- 
duced (Magnus-Levy  '95;  Moussu  '99,  Bircher  '10;  Carlson, 
Rooke  and  McKie  '12;  Gudematsch  '12,  '14,  '15;  Hewitt'  14; 
Cotroni  '14;  Romeis  '15).  The  decrease  or  retardation  of  body 
weight  reported  by  most  of  the  above  mentioned  invest^tors 
is  possibly  due  to  the  tosric  effect  of  large  doses.  I  observed 
that  two  thyroid-fed  rats  apparently  in  good  health  were  killed 
by  a  single  large  dose  (200  mgm.)  of  dried  thyroid  substance. 

The  eviscerated  body  and  (to  a  slighter  extent)  the  int^u- 
ment  of  the  thyroid-fed  fats  usually  show  a  slight  loss  in  rela- 
tive weight,  probably  due  to  loss  of  fat. 
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The  organs  of  the  rats  which  received  very  little  thyroid  were 
not  much  affectedin  weight,  but  in  the  rats  which  received  larger 
doaes  (see  tables  6  to  10)  several  of  the  organs  are  evidently 
hypertrophied.  This  cannot  be  interpreted  as  merely  a  relative 
gain,  due  to  loss  of  body-fat,  for  the  body  weight,  as  above  stated, 
has  apparently  suffered  no  loss  in  the  thyroid-fed  rats,  but  pos- 
sibly a  sl^ht  gain  instead.  The  organs  which  show  a  consider- 
able increase  in  weight  are  the  heart,  liver,  spleen,  suprarenals 
and  kidneys. 

Other  organs  in  which  the  results  are  more  doubtful,  but  which 
seem  to  be  increased  in  weight  to  a  greater  or  lesser  extent  are 
die  hypophysis  (male),  and  alimentary  canal,  and  possibly 
the  skeleton,  testes,  and  epididymi.  The  increase  of  this  group 
of  organs  is  uncertain,  and  in  some  cases  probably  due  to 
chance  variations. 

These  results  are  in  general  agreement  with  those  of  lacovesco 
('13)  who  (by  thyroid  extract  injections)  found  hypertrophy 
of  the  heart,  thyroid  gland,  suprarenals,  kidneys  (male),  testes, 
ovaries  and  uterus.  He  reports  an  increase  in  the  weight  of 
these  organs  of  nearly  100  per  cent,  but  no  increase  in  the  we^t 
of  the  liver  or  female  kidneys.  My  results  confirm  also  the 
hypertrophy  of  the  suprarenal  glands  found  by  Rudinger,  Falta 
and  Eppinger  ('08),  and  by  Hoskins  ('10a).  They  also  confirm 
to  some  extent  the  results  of  Bircher  ('10a)  (10b),  who  found 
that  hyperthyroidism  produces  enlargement  of  the  heart  and 
thyroid  gland,  and  acceleration  of  skeletal  development.  They 
do  not,  however,  agree  with  Utterstrom  ('10),  who  foimd  en- 
largement of  the  thymus. 

It  may  be  noted  further  that  these  results  likewise  agree  with 
the  generally  accepted  doctrine  that  hyperthyroidism  produces 
a  general  acceleration  of  metabolism.  Conditions  increasing 
metabolism  would  naturally  throw  a  greater  burden  upon  the 
important  viscera,  and  thus  tend  to  produce  in  them  a  hyper- 
trophy. Thus  Hatai  ('15)  has  shown  that  increased  exercise 
in  albino  rats  tends  to  produce  an  enlargement  of  various  organs, 
and  his  results  resemble  closely  those  obtained  by  me  with  thy- 
roid feeding. 
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c.  Effects  of  thymus  feeding.  In  general,  the  results  of  thymus 
■feeding  were  negative.  Neither  the  body  as  a  whole  nor  any 
of  the  individual  parts  or  organs  showed  any  marked  or  con- 
stant apparent  effect,  in  comparison  with  the  controls.  The 
apparent  tendency  to  decrease  in  the  relative  wei^t  of  the  male 
spleen  is  a  doubtful  exception. 

The  negative  results  are  in  agreement  with  those  of  Miss 
Hewer  ('14),  except  as  to  the  d^eneration  of  the  testis;  but  they 
do  not  confirm  in  the  rat  the  stimulating  effect  upon  body  growth 
obtained  by  Gudernatsch  ('12)  ('14)  and  (in  part)  by  Romeis 
('15)  in  amphibian  larvae. 

d.  Effects  of  hypophysis  feeding.  The  data  in  the  present 
experiments  show  that  the  weights  of  the  body  as  a  whole  and 
of  the  various  parts  and  organs  of  the  albino  rats  in  the  hypophy- 
sis-fed groups  were  even  more  closely  in  agreement  with  the 
controls  than  were  the  thymus  groups.  The  apparent  increase 
in  weight  shown  by  the  kidneys  and  thyroid  of  the  females  is 
probably  not  significant. 

The  negative  results  of  the  hypophysis  feeding  in  these  experi- 
ments confirm  similar  findings  as  to  n^^tive  effecta  upon  body 
weight  by  Caselli  ('00);  Sandri  (anterior  lobe  )('09);  Hosldns 
('11);  Aldrich  ('12a)  ('12b);  Schafer  ('12);  Lewis  and  Miller 
('13),  and  Gudernatsch  ('14).  On  the  other  hand  they  do  not 
agree  with  Schafer  ('09)  and  Goetsch  ('16)  who  from  very  few 
data  reported  growth  stimulated  by  feeding  anterior  lobe  of 
hypophysis,  nor  with  the  following  who  obtained  retardation 
of  growth  (especially  skeletal)  by  hypophysis  feeding :  Thomp- 
son and  Johnston  {'05) ;  Etienne  and  Parisot  ('08) ;  Sandri  ('07) 
('09)  (posterior  lobe) ;  Gushing  and  Goetsch  (cited  by  Cushii^ 
'12);  Wulzen  ('14),  and  Pearl  ('16)  (anterior  lobe).  My  results 
likewise  disagree  with  Hallion  and  Alquier  ('08)  who  obtained 
hypertrophy  of  the  suprarenal  glands,  and  with  Wulzen  ('14) 
who  found  accelerated  involution  of  the  thymus.  It  may  be 
noted,  however,  that  my  dosage  was  comparatively  small  sub- 
toxic,  and  this  might  account  for  the  negative  results. 

e.  Effects  of  pineal  feeding.  The  pineal  groups  also  agree 
fairly  closely  in  weight  with  the  control  animals,  both  as  to  the 
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body  as  a  whole  and  in  the  various  organs  and  parts.  Several 
minor  differences  are  to  be  noted,  but  all  are  perhaps  within  the 
limit  of  normal  variability.  The  testes,  kidneys  (male),  ovaries, 
and  suprarenals  show  a  decrease  in  weight  which  is  of  doubtful 
s^nificance,  as  (except  in  the  case  of  the  ovaries)  it  is  not  con- 
stant in  every  litter.  My  results  agree,  with  Priore  ('15)  who 
obtained  negative  results  on  body  growth  by  injection  of  pineal 
extracts.  They  disagree,  however,  with  those  of  Dana  and 
Berkeley  ('14)  and  McCord  ('14,  '15)  who  obtained  an  accelera- 
tion in  body  growth  by  feeding  pineal  substance. 

V.  CONCLUSIONS 

Some  of  the  principal  results  of  the  present  investigation  may 
be  summed  up  briefly  as  follows: 

1.  The  normal  growth  of  the  albino  rat  varies  materially, 
not  only  in  different  'strains'  and  imder  different  conditions  of 
environment,  but  even  among  litters  when  all  conditions  are 
as  nearly  constant  as  possible.  It  is  therefore  not  sufficient  to 
rely  upon  the  established  norms  of  growth  for  comparison,  but 
in  all  cases  experimental  and  control  animals  should  be  selected 
of  the  same  sex  and  from  the  same  Utter  or  litters. 

2.  In  the  case  of  rats  with  unusually  rapid  (or  slow)  growth, 
in  addition  to  comparison  with  (older  or  yoxmger)  rats  of  cor- 
responding size  and  weight,  due  regard -for  possible  changes 
correlated  with  age  must  be  observed.  Such  changes  have 
previously  been  noted  in  the  water  content  of  nervous  system 
(Donaldson),  weight  of  the  thymus  (Hatai),  and  probably  the 
weight  of  the  eyeballs  (Jackson).  Indications  of  similar  age- 
changes  (independent  of  body  we^t)  are  found  in  the  skeleton, 
liver,  kidneys,  heart  and  spleen.  Compared  with  animals  of 
the  usual  age  at  a  given  body  weight,  the  skeleton  seems  to  be 
relatively  heavy  in  older  animals,  and  the  other  organs  are  ap- 
parently heavier  in  younger  rapidly  growing  animals. 

3.  There  is  apparently  no  sexual  difference  in  the  relative 
weight  of  the  pineal  body,  such  as  has  been  foimd  in  the  supra- 
renal glands  (Jackson  '13,  Hatai  '13)  and  the  hypophysis  (Hatai 
'13). 
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4.  Thyroid  feeding  (In  sub-toxic  doses)  causes  little  or  no 
chai^  in  body  weight  in  growing  rats.  There  is  possibly  a 
slight  stimulation  in  growth-  of  the  body  as  a  whole,  balanced 
by  a  decrease  in  the  amount  of  free  fat  in  the  body.  There 
is  a  sli^t  loss  in  the  relative  weights  of  the  eviscerated  body  and 
the  integument,  probably  due  to  loss  of  body-fat. 

5.  Thyroid  feeding  produces  a  decided  hypertrophy  of  the 
heart,  liver,  spleen,  kidneys  and  suprarenal  glands  (especially 
in  males).  It  apparently  causes  also  a  somewhat  less  extwi- 
sive  and  more  uncertain  increase  in  the  weights  of  the  alimen- 
tary canal  and  hypophysis  (male)  and  possibly  in  the  skeleton, 
testes  and  epididymi,  and  a  decrease  in  the  weight  of  the 
hypophysis  of  females. 

6.  Thymus  feeding  (with  the  dosage  employed)  has  no  ap- 
parent effect  upon  the  growth  rate  of  the  body  of  albino  rats. 
No  constant  or  important  effect  upon  any  of  the  individual 
organs  or  parts  was  observed.  The  testis  showed  no  degenera- 
tive or  other  changes. 

7.  Hypophysis  feedii^  (with  the  sub-toxic  dos^e  employed) 
produces  no  marked  or  constant  effect  upon  the  growth  rate  of 
the  body  or  organs  of  albino  rats. 

8.  Pineal  feeding  likewise  produces  no  apparent  changes  in 
the  weight  of  the  body  or  organs  of  the  albino  rat,  beyond  dif- 
ferences probably  within  the  limits  of  normal  variation. 
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INTRODUCTION 

The  thyroid  gland  presents  an  interesting  and  difficult  bio- 
Ic^cal  problem.  Although  the  morphology  of  the  thyroid  has 
been  extensively  studied,  there  are  still  many  doubtful  and  un- 
settled questions  concerning  its  development  and  its  normal  adult 
structure.  Even  more  uncertainty  exists  concerning  its  physio- 
logical significance  and  its  pathological  changes.  Some  light 
may  be  thrown  upon  the  various  phases  of  this  problem  by  a 
study  of  the  changes  produced  in  the  thyroid  gland  by  inanition. 

In  previous  papers  (Jackson  '15  a,  '15  b)  it  was  shown  that 
during  inanition  the  various  organs  of  the  albino  rat  suffer  very 
unequally  in  loss  of  weight,  the  loss  also  varying  according  to 
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the  length  and  character  of  the  inanition.  In  acute  inanition  of 
adult  rats,  with  loss  of  about  one-third  in  body  weight,  the  thy- 
roid gland  had  apparently  lost  but  little  if  any  in  absolute  weight: 
in  chronic  inanition  of  adults,  the  average  apparent  loss  of  the 
thyroid  was  about  22  per  cent;  while  in  young  rats  held  at  main- 
tenance (constant  body  weight)  by  underfeeding  for  several 
weeks  the  average  loss  was  about  24  per  cent.  In  order  to  de- 
termine what  histological  changes  are  correlated  with  these 
changes  in  gross  weight,  material  was  preserved  for  further 
study.  On  account  of  its  intimate  association  with  the  thyroid, 
the  parathyroid  gland  was  also  included  in  this  investigation. 
The  results  are  presented  in  the  present  paper,  which  is  the  third 
of  a  series  of  studies  upon  the  effects  of  inanition.  The  work  is 
being  carried  on  with  the  assistance  of  a  special  grant  from  the 
research  fund  of  the  Graduate  School  of  the  University  of  Min- 
nesota. 

MATERIAL  AND  METHODS 

The  material  used  included  the  thyroid  {and  included  para- 
thyroid) glands  of  the  albino  rat  (Mus  norvegicus  albinus)  from 
previous  studies  (Jackson  '15  a,  '15  b),  together  with  some  col- 
lected since.  In  all,  more  than  50  normal  glands  were  sectioned 
and  studied,  varying  in  age  from  newborn  to  adult  (15  months). 
These  were  chiefly  controls  from  the  same  litters  as  those  used 
for  experiments  (including  several  controls  used  in  experiments 
by  E.  R.  Hoskins  and  C.  A.  Stewart).  In  addition,  I  am  in- 
debted to  Professor  Bensley  and  Mr.  Burgett,  of  the  University 
of  Chicago,  Professor  .\ddison,  of  the  University  of  Pennsylvania, 
and  Professor  Evans,  of  the  University  of  California,  for  mate- 
rial kindly  furnished  in  order  to  investigate  possible  local  varia- 
tions in  normal  thyroid  structure  of  the  rat. 

Of  the  animals  subjected  to  inanition,  the  thyroid  and  para- 
thyroid were  obtained  from  14  of  the  younger  rats  held  at  main- 
tenance for  various  periods  (chiefly  beginning  at  3  weeks  and 
ending  at  10  weeks  of  age).     Of  the  adult  rats,  6  glands  were 


,d.y  Google 


INANITION  OP   THYROID   iN    HATS  307 

studied  from  those  subjected  to  acute  inanition,  and  3  from  those 
with  chronic  inanition. 

The  material  was  obtained  at  the  autopsy  held  immediately 
after  the  animals  were  killed,  and  was  fixed  chiefly  in  Zenker's 
fluid,  12  to  24  hours.  In  a  few  cases  foimalin  or  Flemming's 
fluid  was  used,  but  the  results  were  less  satisfactory. 

The  glands  were  embedded  in  paraffin,  and  cut  at  5  micra 
(occasionally  7  to  10  micra)  in  thickness.  In  the  great  majority 
of  cases,  the  glands  were  cut  and  mounted  in  complete  serial 
sections.  This  was  found  to  be  important,  not  only  to  make 
certain  of  including  the  parathyroids,  but  also  because  the  struc- 
ture frequently  varies  in  different  parts  of  the  thyroid  and  para- 
thyroid glands. 

The  sections  were  stained  in  most  cases  with  haematoxylin  and 
eosin;  in  a  few  cases  with  iron-haematoxylin,  safranin,  Mallory's 
anilin-blue  connective  tissue  stain,  etc. 

All  of  the  drawings  were  made  with  a  Zeiss  2  mm.  1.30  N.  A, 
apochromatic  objective  and  compensating  ocular  No.  6,  with 
the  aid  of  a  camera  lucida.  A  wheel-micrometer  eyepiece  was 
used  for  the  measurements.  It  was  the  original  intention  to 
measure  systematically  a  large  number  of  cells  and  nuclei  in  the 
glands  of  the  controls  and  of  the  animals  subjected  to  inanition. 
On  account  of  the  great  irregularity  in  the  size  and  shape  of  cells 
and  nuclei,  however,  it  was  found  that  the  results,  though  of 
limited  value,  could  not  be  obtained  with  sufficient  accuracy  to 
justify  any  very  extensive  series  of  observations.  Therefore  the 
number  of  measurements  was  restricted  to  that  judged  sufficient 
to  give  merely  an  approximation  of  the  apparent  average  and 
range  observed. 

THE  THYROID  GLAND 

The  normal  structure  of  the  thyroid  gland  in  the  albino  rat 
at  various  ages  will  first  be  considered.  Then  the  changes  found 
in  the  various  types  of  inanition  will  be  described  and  their  sig- 
nificance discpssed. 
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a.  Normal  structure  of  the  thyroid  gland 

The  general  form  and  topography  of  the  thyroid  gland  in  the 
albino  rat  is  shown  in  cross  section  in  figure  1.  Each  lateral 
lobe  presents  the  typical  relations — -convex  external  surface  cov- 
ered by  the  infrahyoid  musculature;  concave  internal  surface  in 
contact  with  the  lower  larynx  and  upper  trachea;  and  narrower 
posterior  surface  (or  border)  in  relation  with  the  oesophagus 


Fig.  I  From  a  photograph  (retouched)  of  a  cross  section  of  the  thyroid  xltuid 
in  situ  at  the  level  of  the  iathmus,  showing  relations  to  infrahyoid  musculature, 
uppermost  trachea,  oesophagus,  etc.  One  parathyroid  is  visible,  on  the  left  aide 
of  the  figure.  From  albino  rat  No.  S  9.47,  age  22  days,  gross  body-wei^t 
25.5  grams.     (X  28.) 

medially  the  carotid  artery,  etc.,  laterally.  The  isthmus  is  fre- 
quently a  very  thin  somewhat  fibrous  band,  almost  invisible 
when  the  fresh  gland  is  exposed  in  situ.  It  invariably  contains 
thyroid  follicles  (contrary  to  Sobotta  '15),  although  these  may 
become  scattered  and  more  or  less  atrophied  in  adult  rats. 

The  minute  structure  of  the  normal  thyroid  gland  at  3  weeks 
(the  age  when  the  experiments  began  with  the  youi^er  rats)  is 
shown  with  slight  magnification  in  figure  1,  and  under  high  power 
in  figure  2.     No  attempt  will  be  made  to  describe  in  detail  the 
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minute  structure  of  the  gland,  but  some  of  the  essential  features 
especially  affected  by  inanition  will  be  considered  briefly. 


Fi|;.  2  A  small  portion  of  tlic  tliyroid  gland  shown  in  figure  I  (rut  S  0,47,  age 
32  days)  inamiifieil  to  show  (lie  details  of  tlie  norma!  histological  structure.  Sev- 
eral follicles  containing  colloid  are  shown  Follicular  epithelium  cuobidal;  cy- 
toplasm abundant  and  granular,  with  a  few  scattered  vacuoles.  Apparent  ori- 
gin of  the  colloid  'vacuoles'  from  the  epithelial  cells  is  shown  in  a  few  places. 
Four  inter  follicular  epithelial  cells  are  seen  betwet 
Fibrous  stroma  scant>,  with  nrh  blood-^ a^cular  plexi 
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The  follicles  at  this  time  are  chiefly  oval  or  rounded  in  outline 
and  vary  mostly  from  20  to  70  micra  in  diameter.  The  larger 
follicles  are  rather  infrequent  and  somewhat  uniformly  scattered, 
but  are  usually  more  frequent  near  the  surface  of  the  gland. 
Those  shown  in  figure  2  are  of  average  size. 

The  finer  structure  of  the  thyroid  gland  is  shown  in  figure  2. 
The  cells  of  the  follicular  epithelium  are  approximately  cuboidal 
in  form  (in  some  cases  low  columnar;  in  others,  especially  in  the 
lai^r  peripheral  follicles,  somewhat  flattened).  In  height,  they 
range  chiefly  between  8  and  15  micra,  the  average  being  10  to 
12  micra.  The  inner  and  outer  cell  walls  are  sharply  distmet; 
the  intercellular  boundaries  are  less  distinct  and  sometimes 
absent. 

The  cytoplasm  of  the  folUcular  cells  (fig.  2)  is  filled  with  mod- 
erately fine  granules,  reddish  violet  in  color  (with  Zenker  fixation 
and  haematoxylin-eosin  stain).  The  granules  are  usually  some- 
what uniformly  distributed.  They  are  not  densely  packed,  but 
are  sometunes  arranged  so  as  to  give  an  indefinite  reticular  form, 
apparently  intermingled  with  small,  clear  vacuoles.  Some  of 
these  vacuoles  (though  not  all)  may  correspond  to  the  minute 
fat  droplets  or  granules  described  in  the  thyroid  cells  by  Erd- 
heim  (*03)  and  Traina  ('04).  The  cells  present  a  fairly  uniform 
appearance,  and  there  is  nothing  to  indicate  any  division  into 
the  'chief  and  'colloid'  cell  types  of  Langendorff. 

The  nuclei  of  the  follicular  cells  are  spherical  or  slightly  ovoidal 
(ellipsoidal)  in  form,  the  diameters  varying  from  4  to  7  micra, 
usually  5  or  6  micra.  The  nuclear  membrane  is  distinct  and 
stains  deeply.  There  are  usually  one  or  two  larger  nucleoli 
(karyosomes)  and  several  smaller  granules;  and  a  fine,  paler  nu- 
clear network,  often  indistinct,  with  a  very  pale  bluish,  homo- 
geneous nuclear  background,  corresponding  to  the  nuclear  sap 
(karyolymph).  The  nuclei  shown  in  figure  2  are  typical,  though 
in  the  larger  peripheral  follicles  with  slightly  flattened  cells  the 
nuclei  may  also  be  somewhat  more  flattened  and  slightly  hyper- 
chromatic.  Cells  in  mitosis  are  relatively  frequent,  5  having 
been  noted  in  one  entire  cross-section  of  one  lobe,  and  6  or  8  in 
another. 
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The  colloid  (fig.  2)  appears  typical  in  form  though  somewhat 
variable  in  staining  reactions.  In  some  cases  it  fills  the  follicu- 
lar cavity  completely,  in  other  cases  it  is  retracted  somewhat 
with  either  smooth  or  serrated  margin.  This  retraction  is  prob- 
ably an  artefact  in  most  cases,  due  to  shrinkage  produced  by 
the  reagents  used.  But  I  cannot  agree  with  those  investigators 
who  explain  the  vacuoles  (some  of  which  are  shown  in  figure  2) 
in  a  similar  manner.  These  vacuoles  are  usually  small  (4  micra 
or  less)  and  spherical  in  form,  and  are  most  frequent  near  the 
surface  of  the  colloid.  Occasionally  they  are  found  in  intimate 
relation  with  the  adjacent  cells,  from  which  they  are  apparently 
extruded,  as  shown  in  the  follicle  on  the  right  in  figure  2.  They 
are  probably  connected  in  some  way  with  the  process  of  colloid 
formation,  as  described  by  Anderson  ('94)  and  Miiller  ('96). 
Desquamated  epithelial  cells,  which  sometimes  dissolve  leaving 
clear  vacuoles  in  the  colloid  in  older  rats,  are  extremely  rare  at 
this  stage. 

A  variable  amount  of  interfolUcular  epithelium  appears,  which 
cannot  be  distinguished  from  tangential  sections  of  follicles,  ex- 
cept in  serial  sections.  In  structm^,  these  interstitial  epithelial 
cells  are  similar  to  those  of  the  follicles.  A  few  appear  in  the 
lower  part  of  figm-e  2. 

The  jnterfollicular  connective  tissue  forms  a  delicate  fibrous 
stroma  (fig.  2),  relatively  small  in  amount,  but  containing  a 
rich  capillary  plexus  of  blood-vessels.  The  nuclei  visible  are 
mostly  of  capillary  endothehum.  They  are  elongated  or  flat- 
tened in  form,  and  stain  somewhat  deeply. 

At  10  weeks  (the  age  when  the  inanition  experiments  ended  in 
most  of  the  younger  rats)  the  thyroid  gland  has  normally  under- 
gone but  sUght  changes,  the  structure  being  essentially  the  same 
as  that  just  described  at  three  weeks.  Therefore  no  detailed 
figures  are  considered  necessary,  A  photograph  with  low  mag- 
nification is  shown  in  figure  3,  representing  a  cross  section  of  one 
lateral  lobe.  The  follicles  have  increased  somewhat  in  size, 
the  maximum  diameter  now  reaching  about  100  micra.  The 
larger  follicles  are  more  frequent,  and  are  sometimes  rather  uni- 
formly distributed,  as  shown  in  figure  3,  though  very  frequently 
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Fig.  3  From  a  photograph  of  one  lobe  of  the  thyroid  gland  from  Donnal  al- 
bino rat  No.  S  5.3,  age  74  days,  gross  body-weight  172  grams.  Parathyroid  in- 
cluded. Compare  with  figures  4,  5  and  6,  representing  thyroids  in  rats  of  the 
same  age,  but  held  at  maintenance  from  age  of  3  weeks.     (X  28.) 

Fig.  4  From  a  photograph  of  one  lobe  of  the  thyroid  gland  from  albino  rat 
No.  S  11.63,  age  72  days,  gross  body-weight  23.8  grams  (held  at  maintenance  from 
age  of  3  weeks).  Follicles  much  larger  at  periphery.  Some  extra-capaular  tis- 
sue is  inHiided.     Parathyroid  relatively  large.     (X  28.) 
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there  is  a  distinct  tendency  to  lai^er  follicles  in  the  superficial 
layers.. 

In  finer  structure,  the  thyroid  at  10  weeks  is  very  similar  to 
that  shown  at  3  weeks  (fig.  2).  The  height  of  the  follicular 
cells  varies  considerably,  however.  While  the  maximum  is  about 
the  same  as  at  3  weeks,  the  average  (about  8  to  10  micra)  is  some- 
what lower.  In  other  words,  the  cells  are  usually  more  flattened, 
especially  toward  the  periphery  of  the  gland.  In  the  larger  sur- 
face follicles,  the  cells  are  usually  distinctly  flattened,  6  micra  or 
less  in  height.  The  nuclei  in  these  cells  are  also  correspondingly 
flattened,  their  diameters  averaging  4x6  micra.  The  nuclei  in 
general  are  similar  to  those  at  3  weeks  in  size  and  structure,  usu- 
ally nearly  spherical  in  form,  and  averaging  about  6  micra  in 
diameter.  Mitosis  is  very  much  less  frequent  in  the  cells  of 
the  thyroid  at  10  weeks  than  was  found  in  the  gland  at  3  weeks. 
While  the  typical  normal  structure  of  the  thyroid  cells  at  10 
weeks  is  like  that  at  3  weeks  (fig.  2),  cells  of  abnormal  appear- 
ance are  also  found.  These  atjTjical  forms  vary  from  slight 
modifications  up  to  marked  cellular  degenerations,  and  should 
be  carefully  noted  in  order  to  avoid  confusion  with  the  changes 
during  inanition  to  be  described  later. 

The  flattening  of  the  epithelium  in  the  larger  peripheral  fol- 
Ucles  is  almost  constant,  though  variable  in  extent.  The  flat- 
tened nuclei  are  hyperchromatic  in  type,  and  often  present  a 
more  or  less  deeply-staining,  homogeneous  background,  which 
may  obscure  or  obliterate  the  nuclear  network  and  granules. 
The  cytoplasm  is  reduced  in  amount,  more  deeply-staining,  and 
often  somewhat  homogeneous  in  appearance.  This  type  of  cell 
occurs  so  constantly  in  the  peripheral  follicles  (and  occasionally 
elsewhere)  that  it  can  hardly  be  considered  abnormal.  I  inter- 
Fig.  5  From  a  photograph  of  one  lobe  of  the  thyroid  gland  from  albino  rat 
No.  S  5.10,  Bge67  days,  gross  body-weight  22.7  grams  (held  at  maintenance  [rom 
age  of  3  weeks}.  Gland  small,  with  relative  increase  of  stroma.  Parathyroid 
included.    (X  28.) 

Fig.  6  From  a  photograph  of  both  lobes  and  a  portion  of  the  isthmus  of  the 
thyroid  gland  from  albino  rat  No.  S  11,64,  age  73  days,  gross  body-weight  24.2 
grams  (held  at  maintenance  from  age  of  3  weeks).  Follicles  lai^er  at  periphery 
but  irregular,  many  degenerated.    Parathyroids  relatively  large.     (X  28.) 
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pret  it  as  an  atrophic  type,  due  perhaps  largely  to  the  pressure 
on  the  gland  from  adjacent  oi^ans.  Although  these  folUcles  are 
filled  with  dense,  deeply-staining  colloid,  it  is  unlikely  that  the 
flattening  is  due  entirely  to  consequent  endofollicular  pressure, 
as  follicles  are  sometimes  seen  in  which  the  epithelium  on  the  ex- 
ternal surface  is  much  more  flattened  than  that  on  the  inner 
aspect  of  the  follicle.  The  socalled  'colloid'  cells  of  Langendorff 
{frequently  described  by  various  authors)  probably  belong  to 
this  atrophic  type,  and  have  no  specific  functional  significanee. 

In  addition  to  these  peripheral  flattened  atrophic  cells,  men- 
tion must  be  made  of  more  advanced  types  of  degeneration,  al- 
though the  latter  appear  much  less  frequent  in  the  young  rat  at 
10  weeks  than  in  older  animals.  These  degenerative  cells  may 
occur  in  any  part  of  the  gland,  either  singly  or  involving  an  en- 
tire follicle  (occasionally  a  regional  group  of  follicles).  The  de- 
generating cells  may  remain  in  the  follicular  wall  or  may  be 
desquamated  into  the  follicular  cavity.  In  rare  cases  the  desqua- 
mated epithelium  may  replace  the  colloid  with  an  irregular  mass 
of  cells  in  various  stages  of  degeneration. 

In  the  degenerating  cells,  the  cytoplasm  loses  its  typical  light 
granular  structure  and  becomes  vacuolated  and  reticular  in  ap- 
pearance, later  disintegrating  into  irregular,  usually  deeply-stain- 
ing (eosinophile)  masses.  The  nucleus  may  be  hypochromatic 
(karyolytic)  in  type,  but  more  frequently  presents  various  graoes 
of  pycnosis  (rarely  karyorrhexis),  especially  in  the  desquamated 
cells. 

As  to  the  frequency  with  which  these  degenerative  types  of 
cell  occur  in  the  thyroid  of  (apparently)  normal  rats  at  10  weeks, 
it  may  be  stated  that  of  9  glands  carefully  examined  in  serial 
sections,  one  showed  rather  extensive  degeneration,  one  a  well 
marked  area  (much  less  extensive),  and  four  showed  traces  or 
small  areas  in  early  stages  of  degeneration.  Thus  in  a  majority 
of  the  glands,  at  least  slight  traces  of  degeneration  could  be 
found,  even  in  normal,  apparently  perfectly  healthy  animals. 

In  older  rats  (from  3  to  15  months  of  age),  the  normal  struc- 
ture of  the  thyroid  gland  is  essentially  sunilar  to  that  described 
for  the  younger  rats.     The  follicles  average  slightly  larger,  the 
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maximum  sometimes  reaching  150  micra,  the  lai^est  follicles  be- 
ing frequently  found  at  the  periphery  of  the  gland.  While  cubi- 
cal cells  still  occur  to  a  variable  extent,  the  average  cell  is  some- 
what more  flattened  than  at  10  weeks,  especially  in  the  larger 
peripheral  follicles.  The  colloid  is  variable  in  appearance.  Oc- 
casionally the  follicular  content  may  be  clear  and  imatainable. 
The  stroma  remains  as  previously  described. 

The  most  striking  difference  in  the  thyroid  of  the  older  rats  is 
found  in  increasing  prevalence  of  the  degenerative  process  al- 
ready described  as  appearing  at  10  weeks.  In  the  older  control 
rats  it  was  found  not  only  more  frequently,  but  more  pronounced 
in  character.  In  extreme  cases,  the  follicles  in  some  regions  (see 
fig.  10)  are  entirely  obliterated,  being  replaced  by  masses  of  epi- 
thelial cells  with  irregularly  disintegrated  cytoplasm  and  nuclei 
in  various  stages  of  pycnosis  or  karyorrhexis.  Among  20  glands 
from  apparently  normal  older  rats,  only  3  thyroids  appeared  en- 
tirely normal;  6  showed  sHght  degeneration,  5  were  moderately 
involved,  while  in  6  the  degeneration  was  extensive,  involving 
the  larger  portion  of  the  gland.  The  significance  of  this  appear- 
ance of  degeneration  in  normal  animals  will  be  discussed  later. 

b.  Structure  of  thyroid  gland  in  young  rats  held  at  maintenance 

The  appearance  of  the  thyroid  gland  in  young  rats  held  at 
constant  body-weight  from  3  to  10  weeks  of  age  is  shown  under 
low  magnification  in  figures  4,  5  and  6,  and  more  highly  magni- 
fied in  figures  7,  8  and  9.  The  follicles  in  general  appear  in  av- 
erage size  smaller  than  the  normal  at  10  weeks,  although  it  is 
somewhat  difiicult  to  make  exact  comparisons,  on  account  of  the 
irregularity  in  their  size.  The  maximum  diameter  found  in  9 
normal  glands  was  about  100  micra,  whereas  in  14  maintenance 
rats  it  was  85-90  micra.  The  average  in  both  cases  was  of  course 
much  lower,  as  follicles  are  found  of  all  sizes  down  to  those  with 
only  a  minute  cavity.  Although  in  the  maintenance  rats  at  10 
weeks  a  few  follicles  are  larger  than  found  in  the  normal  rat  at 
the  age  of  3  weeks  (where  the  maximum  was  70  micra),  it  is 
doubtful  whether  the  average  Tollicle  is  any  larger.  It  is  proba- 
bly slightly  smaller. 
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In  size,  the  epithelial  cells  of  the  thyroid  follicles  in  the  young 
rats  held  at  maintenance  are  variable  but  distinctly  smaller  than 
normal.     Even  the  largest  cells  found  rarely  reach  the  average 


Fig.  7  A  porlion  of  (he  same  (hyroiii  gland  sliowa  in  figure  4  (rat  No.  11.63, 
maintenance  from  21  to  72  days  of  age),  magnified  to  show  details  of  hiHtological 
stnieturc.  The  area  reprcspnted  shows  the  hypochromatic  (incipient  karyo- 
lytic)  type  of  nuclear  structure,  whieh  is  relatively  infrequent.  Cells  reduced  in 
average  height  (ef.  fig, 2).  Cytoplasm  reduced  in  amount  and  vacuolated  in 
structure.     Slromn  here  rmniml.     (X  7.ifl.l 
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nonnal  height  {8-10  micra)  at  correspondmg  age.     The  average 
height  in  the  maintenance  rats  is  about  6  to  7  micra.     Since  the 


Fig.  8  A  portion  of  the  game  thyroid  gland  shown  in  figure  5  (rat  No.  S  5.10, 
maintenance  from  21  to  67  days  of  age),  magnified  to  show  details  of  histological 
structure.  This  represents  the  hyperchromatic  (various  stages  of  karyopycno- 
sis)  type  of  etructure,  which  is  typical.  Follicular  cells  usually  greatly  reduced 
in  site.  Cytoplasm  much  reduced  in  amount  and  markedly  vacuolated  ('hy- 
dropic degeneration').  Colloid  variable  in  appearance.  InterFollicular  stroma 
relatively  much  increased  in  volume,  due  to  infiltration  of  clear  F;round  sub- 
stance.   (X  750.) 
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whole  follicle  is  but  slightly  below  the  normal  size,  it  follows  that 
the  cells  are  more  reduced  in  height  than  in  width.  In  some 
glands,  the  follicular  epitheUum  is  very  strikingly  flattened 
throughout  the  entire  gland,  in  no  place  exceeding  4  or  5  micra 
in  height.     Such  a  condition  is  never  found  in  the  normal  gland. 


Fig.  9  A.  portion  of  the  same  tiiyroid  gland  shown  in  figure6  (rat  No.  ll.St, 
maintenance  from  21  to  73  days  of  age),  magnified  to  show  details  of  histological 
structure.  This  area  represents  advanced  stages  of  tollieulftr  degeneration. 
Cells  in  various  stages  of  degeneration  and  disintegration.  Tendency  to  des- 
quamation with  destruction  of  colloid  and  obliteration  of  follicular  cavity.  Some 
nuclei  appear  karyolytic,  although  karyopycnosis  predominates,  and  karyor- 
rhexis  frequently  appears.     (X  750.) 
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In  the  larger  peripheral  follicles,  in  which  the  epithelium  is  nor- 
mally flattened,  the  change  is  usually  not  so  apparent  in  the 
maintenance  rats.  Even  here,  however,  there  is  a  further  flat- 
tening of  the  epithelial  cells,  which  frequently  present  an  endo- 
thelial-like  api)earanee,  with  a  height  of  only  2  or  3  micra. 

The  cytoplasm  of  the  thyroid  epithelium  in  the  maintenance 
rats  has  undergone  marked  changes  (figs.  7,  8,  9).  In  compari- 
son with  the  normal  (fig.  2),  it  appears  that  the  amount  has  been 
greatly  reduced,  the  decrease  in  the  size  of  the  cell  being  due 
very  largely  to  loss  of  cyoplasm. 

The  cytoplasm  is  also  greatly  changed  in  structure,  having  ap- 
parently undei^one  a  'hydropic  degeneration.'  The  normal 
granular  appearance  of  the  cells  (fig.  2)  has  been  replaced  very 
largely  by  a  distinct  reticular  appearance  (figs.  7  and  8).  This 
appears  to  be  due  to  a  coarse  vacuolization  of  the  cytoplasm,  a 
condition  rarely  foimd  in  the  normal  gland.  The  vacuolization 
is  especially  marked  in  the  few  larger  cells  which  have  retained 
more  cytoplasm  than  usual.  Occasionally  the  vacuoles  coalesce 
to  form  perfectly  clear  perinuclear  areas  (see  upper  part  of  fig. 
8).  These  clear  areas  and  vacuoles  probably  represent  a  watery 
fluid  replacing  the  normal  granular  substance,  which  has  been 
removed  and  consumed  as  a  result  of  the  inanition. 

Where  the  cytoplasm  is  very  greatly  reduced  in  amount  (as  in 
the  larger  peripheral  follicles),  the  vacuoles  may  be  finer  or  ab- 
sent, and  the  cytoplasm  here  presents  a  denser,  more  deeply- 
staining  (eosinophile),  often  homogeneous  appearance  ('colloid' 
type).  In  the  case  of  cells  in  advanced  stages  of  degeneration 
(which  appear  much  more  frequent  and  more  pronounced  than 
in  the  normal  at  this  age),  the  cytoplasm  is  more  or  less  disin- 
tegrated and  extremely  varied  in  appearance  (fig.  9).  It  usually 
presents  an  irregular,  deeply-staining  (eosinophile),  coarsely 
granular  mass,  which,  especially  in  the  desquamated  cells,  be- 
comes fragmented  and  is  gradually  absorbed,  frequently  leaving 
behind  the  naked,  pycnotic  nuclei  (fig.  9).  The  cell  walls  are 
often  distinct  in  the  less  modified  epithelium,  but  usually  indis- 
tinct or  lost  in  the  cells  markedly  degenerated. 
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The  nuclei,  generally  speaking,  appear  somewhat  more  re- 
sistant to  inanition  than  does  the  cytoplasm.  In  form  and  size, 
there  appears  to  be  comparatively  little  change  in  many  of  the 
thyroid  nuclei  in  rats  held  at  maintenance  from  3  to  10  weeks  of 
age.  The  average  diameter  found  in  the  nucleus  of  the  more 
nearly  cubical  cells  is  between  5  and  6  micra,  while  the  normal 
at  corresponding  age  is  only  about  6  micra.  It  is  therefore  evi- 
dent that  the  nuclear  decrease  in  volume  is  relatively  small.  (A 
decrease  of  even  10  per  cent  in  the  nuclear  diameter  would  cor- 
respond to  a  loss  of  about  27  per  cent  in  volume,  however.)  In 
the  more  flattened  cells  (which,  as  we  have  seen,  usually  include 
the  majority),  the  nucleus  is  also  usually  correspondingly  flat- 
tened, with  some  loss  in  volume.  Even  in  the  flattened  cells, 
however,  the  nuclear  loss  is  apparently  relatively  much  less  than 
the  cjiioplasmic  loss  in  volume. 

Although  the  loss  in  volume  of  the  nucleus  in  the  thyroid  of 
maintenance  rats  is  relatively  small,  the  structure  is  usually  dis- 
tinctly modified.  Nuclei  of  the  typical  normal  appearance  (as 
in  fig.  2)  are  rare.  The  modifications  found  are  varied,  but  may 
be  classified  in  two  groups— hypochromatic  and  hyperchromatic. 

The  hypochromatic  type  is  comparatively  rare.  In  14  cases 
of  maintenance  rats,  it  appeared  extensively  but  once  (shown  in 
fig.  7),  and  in  3  other  cases  more  or  less  frequently  in  scattered 
cells.  The  hypochromatic  nuclei  (fig.  7)  usually  appear  normal 
in  size,  or  even  slightly  swollen.  They  are  very  light  and  vesic- 
ular in  appearance.  The  nuclear  membrane  is  thin,  but  sharp 
and  clear;  the  nuclear  network  and  granules  faint  and  indistinct. 
The  interior  of  the  nucleus  is  filled  with  a  clear  nuclear  sap 
(karyolymph),  which  is  nearly  colorless,  or  with  a  very  pale  blue 
homogeneous  tint.  In  exceptional  cases  these  hypochromatic 
nuclei  apparently  undergo  complete  karyoly^is,  and  disappear 
without  preceding  change  in  form  or  size. 

The  hyperchromatic  form  of  nucleus  on  the  other  hand,  is 
typical.  In  the  14  cases  of  maintenance  rats,  it  appeared  more 
or  less  extensively  in  thyroid  of  all  (even  in  the  one  case  in  which 
the  hypochromatic  type  predominated).     Apparently  the  earli- 
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est  Stage  (or  at  any  rate  that  departing  least  from  the  normal 
type)  consists  in  a  mere  thickening  of  the  iiuclear  membrane 
("nuclear  wall  hyperchromatosis")  or  an  increase  in  the  number 
and  size  of  the  nuclear  chromatic  granules,  so  that  as  a  whole 
the  nucleus  appears  darker  and  more  deeply-staining  than  usual. 
This  form  appears  normally  in  the  more  flattened  cells  of  the 
larger  peripheral  follicles,  and  in  the  maintenance  rats  occurs 
more  or  less  frequently  throughout  the  gland,  associated  with 
the  shrinkage  and  flattening  of  the  cells  (especially  where  the 
nucleus  is  also  flattened). 

Associated  with  or  following  the  nuclear  hyperchromatosis  just 
described  (in  some  cases  perhaps  independently  thereof)  is  found 
a  deepening  coloration  of  the  homogeneous  nuclear  background, 
which  gives  the  appearance  shown  in  figure  8,  This  appearance 
of  incipient  pycnosis  is  very  characteristic  and  represents  the 
predominant  type  of  nuclear  change  observed.  Apparently  the 
process  involves  a  progressive  dissolution  of  the  basic  chromatin 
masses,  which  are  probably  dissolved  in  the  nuclear  sap.  Vari- 
ous stages  occur.  The  earheat  show  merely  a  slight  darkening 
of  the  homogeneous  background,  which  gradually  increases  un- 
til the  nuclear  net  and  karyosomes  are  obscured  and  finally  dis- 
appear (figs.  8  and  9).  In  size,  the  nucleus  at  first  shows  no 
marked  change  (beyond  perhaps  a  slight  preliminary  shrinkage), 
but  as  the  process  continues  the  nucleus  usually  decreases  greatly 
in  size.  In  the  typical  rounded,  homogeneous,  dense  pycnotic 
nuclei,  the  diameter  rarely  exceeds  4  micra,  which  represents  a 
tremendous  shrinkage.  When  this  stage  is  reached,  the  nuclei 
may  apparently  persist  for  a  long  time  without  further  change, 
even  though  the  cytoplasm  has  been  reduced  to  a  vestige  or 
entirely  removed  (as,  for  example,  in  the  mass  of  nucid  on  the 
right  in  figure  9).  In  many  cases  of  advanced  cellular  degen- 
eration, however,  the  pycnotic  nuclei  become  irregular  in  form 
and  may  later  undergo  karyorrhexis,  breaking  up  into  fragments 
which  eventually  through  karyolysis  are  dissolved  and  disappear. 
Some  of  these  extreme  stages  of  karyorrhexis  are  shown  in  fig- 
ure 9. 
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In  no  case  was  cell-division,  either  mitotic  or  amitotic,  ob- 
served in  the  thyroid  gland  of  the  young  rats  held  at  mainten- 
ance for  several  weeks. 

The  colloid  in  the  thyroid  of  the  maintenance  rats  is  usually 
nearly  normal  in  appearance  (figs.  7,  8),  excepting  those  follicles 
with  advanced  degeneration  of  the  epithelium.  In  these  (fig.  9), 
especially  where  the  epithelial  cells  are  desquamated,  the  colloid 
becomes  more  or  less  granular  and  fragmented,  finally  appear- 
ing as  irregular  masses  among  the  cellular  debris  or  disappearing 
altogether.  The  follicles  in  advanced  stages  of  degeneration  are 
often  very  irregular  in  form. 

The  interfollicular  (interstitial)  epithelial  cells  (shown  in  fig- 
ures 7  and  8),  appear  to  undergo  changes  very  similar  to  those 
in  the  epithelium  of  adjacent  follicles. 

The  interstitial  connective  tissue  or  stroma  of  the  thyroid  in 
maintenance  rats  may  be  nearly  normal  in  amount  and  structure 
(as  in  figure  7),  but  is  frequently  increased.  This  increase  is 
apparently  due  to  an  infiltration  of  clear  ground-substance,  which 
in  extreme  cases  gives  a  very  pronounced  swollen,  'water-lo^ed' 
appearance  (figs.  5,  8).  It  is  evident  that  in  such  a  case  the 
weight  of  the  gland  might  remain  normal,  even  with  a  marked 
atrophy  of  the  parenchyma.  The  fibers  adjacent  to  the  follicles 
may  form  a  denser  layer,  resembling  a  basement  membrane  (fig. 
8).  The  nuclei  of  the  connective  tissue  cells  become  shrunken 
and  pycnotic.  The  vessels  may  appear  nearly  normal,  although 
degenerated  areas  sometimes  appear  hyperemic. 

c.  Structure  of  the  thyroid  gland  in  adult  rats  after  acute  or  chronic 

inanition 

In  6  adult  rats  whose  thyroid  was  studied  the  body  weight  had 
been  reduced  29  to  38  per  cent  by  acute  inanition  (water  but 
no  food)  for  8  to  11  days;  and  in  3  adults  the  amount  of  food  had 
been  reduced  so  there  was  a  gradual  loss  of  33  to  37  per  cent  in 
body  weight  during  the  chronic  inanition  period  of  5  weeks. 
The  thyroid  gland  averaged  about  0.039  g.  (0.24  per  cent  of  the 
net  body  weight)  in  both  series,  which  (compared  with  controls) 
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indicates  little  or  no  loss  in  absolute  weight  during  inanition. 
There  was  found,  however,  in  a  larger  series  of  obsen-ations  an 
apparent  loss  of  about  22  per  cent  in  the  weight  of  the  thyroid 
gland  during  chronic  inanition  (Jackson  '15  a). 

In  the  series  studied,  the  structure  of  the  thyroid  varied  con- 
siderably, but  on  the  whole  the  changes  appear  to  be  essentially 
similar  to  those  already  described  for  the  younger  rats  held  at 
maintenance  (really  in  a  condition  of  chronic  inanition). 

No  constant  difference  was  apparent  between  the  adults  with 
acute  and  those  with  chronic  inanition.  The  thyroid  follicles  are 
usually  but  little  if  any  reduced  in  size.  The  colloid  usually  ap- 
pears nearly  normal  in  amount  and  structure,  and  colloid  makes 
up  a  large  portion  of  the  gland.  The  cells  are  frequently  cuboidal 
in  the  central  portion  of  the  gland,  but  on  the  average  somewhat 
reduced  in  height.  Also,  especially  in  the  few  cells  not  reduced 
in  size,  the  cytoplasm  usually  assumes  a  pronounced  coarsely 
vacuolar  structure  ('hydropic  degeneration'),  which  probably 
signifies  an  increase  in  water  with  a  reduction  in  the  amount  of 
living  substance.  The  nuclei  frequently  appear  but  slightly  re- 
duced in  size,  and  show  a  marked  tendency  to  hyperchromatosis 
(various  stages  of  pycnosis),  more  rarely  hypochromatosis  (kary- 
olysis).  In  the  frequent  advanced  stages  of  degeneration,  des- 
quamation of  the  follicular  epithelium  with  obliteration  of  the 
follicles  occurs  as  previously  described  in  the  normal  adult  gland 
(fig.  10).  Since  these  degenerative  changes  occur  also  in  the 
normal  (control)  rats,  they  could  not  be  considered  a  result  of 
the  experiment,  except  that  they  usually  appear  much  more  ex- 
tensive and  pronounced  in  the  rats  subjected  to  inanition.  In 
the  younger  rats,  however,  as  we  have  seen,  the  degenerative 
changes  occur  much  less  frequently  in  the  normal  rats,  and  the 
younger  animals  are  therefore  more  satisfactory  for  the  experi- 
ment. 

The  stroma  of  the  thyroid  in  adult  rats  as  a  rule  shows  little 
change  during  inanition,  although  there  is  some  tendency  to  in- 
crease in  amount,  with  slight  edema  (less  marked  than  in  the 
younger  rats).  There  is  also  frequently  a  slight  hyperemia,  es- 
pecially in  degenerating  areas.     The  increase  in  the  volume  of 
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the  interstitial  substance  is  probably  sufficient  in  most  cases  to 
offset  the  decrease  in  volume  of  parenchyma,  so  that  if  the  col- 
loid remains  approximately  normal  in  amount,  the  stationarj- 
absolute  weight  of  the  adult  thyroid  gland  during  inanition  is 
explained.  The  greater  tendency  to  loss  in  weight  of  the  thjToid 
during  chronic  inanition  and  in  younger  rats  is  probably  due  to 
greater  atrophy  of  the  parenchyma,  and  in  some  cases  to  loss  of 
colloid. 


¥ig.  10  From  ii  photoKnipli  of  a,  portion  of  the  thyroid  glaad  of  a  normal 
ndult  rat  (No.  S  14  x,  gross  body-weight  '252  grams),  moderately  magnified  to 
show  typical  'siwntaneous'  degeneration  of  the  follicles.  Nuclei  in  various st^es 
of  pycnosis.  Tendency  to  desquamation  of  epithelium  with  obliteration  of  the 
follicular  cavity.     (X  350.) 

d.  Discussion  and  conclitsions 

The  question  of  the  extent  and  significance  of  the  normal  vari- 
ation in  the  thjToid,  with  especial  reference  to  the  so-called  de- 
generative changes,  will  be  considered  first,  followed  by  a  dis- 
cussion of  the  specific  changes  produced  by  inanition. 

The  extreme  variability  in  the  form  and  structure  of  the  fol- 
licular epithelium  was  observed  by  many  of  the  earUer  investi- 
gators. These  variations  were  usually  ascribed  to  age  diffei^ 
ences  or  to  fimctional  changes.     The  frequent  presence  of  cells 
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in  the  follicular  cavity  was  also  noted,  and  the  question  as  to 
whether  the  colloid  is  derived  from  these  desquamated  cells  or 
is  secreted  by  the  epithelium  of  the  follicular  wall  was  long  dis- 
puted. 

Langendorff  ('89),  in  addition  to  his  well-4tnown  'chief  and 
'colloid'  cell  types,  also  recognized  a  retrogressive,  degenerative 
type,  which  however  he  did  not  clearly  differentiate  from  his 
'colloid'  type  (except  in  theory).  Langendorff's  results  were 
confirmed  by  Bozzi  ('95),  Schmid  ('96)  and  others. 

On  the  other  hand,  Hurthle  ('94)  claimed  that  colloid  is  formed 
both  by  cells  of  the  'colloid'  type  and  by  transformation  of  des- 
quamated epithelium.  Anderson  ('94)  Miiller  ('96)  and  others 
have  opposed  the  theory  that  cells  of  Langendorff's  'colloid'  type 
represent  functionally  active  cells,  considering  them  either  func- 
tionally exhausted  or  atrophic,  degenerative  types,  which  ap- 
pears to  be  the  most  reasonable  interpretation. 

De  Quervain  ('04)  made  an  extensive  study  of  thyroid  path- 
ology in  man  and  animals  (experiments  on  dogs  and  monkeys). 
From  his  results,  the  following  conclusions  are  quoted  concern- 
ing desquamation  and  degeneration  of  the  follicular  epithelium: 

(p.  139)  Wir  halten  also  als  Ei^bnis  dieser  3  Versuchsgruppen  fest, 
dass  sich  sowohl  durch  Toxinwirkung,  wie  aueh  durch  Erzeugung  von 
hocbgradigcn  Zirkulationsstorungen  an  der  Sehilddruse  histologische 
Veranderungen  erzeugen  lassen,  die  wesentlich  durch  Wuchening,  Des- 
quamation und  Degeneration  der  Epithelzellen  gekennzeichnet  sind. 
(p.  142)  Wir  kommen  zu  deni  Verhalten  der  Epithelzel- 
len, das  uns  vor  allem  interessiert.  Die  Reaktion  derselben  auf  jeg- 
lichen  Reiz  besteht  hauptsachlich  in  Desquamation.  Wenn  wir  in 
diesem  Abschnitte  von  Desquamation  rcden,  so  verstehen  wir  daninter 
die  Abstossung  von  Zellen  mit  nachfolgendem  Ersatz,  und  nicht  etwa 
nur  die  postmortalc  Ablosung  der  Epithelzellen  von  der  Bliischenwand. 
Auch  die  vitale  Ablosung  der  Zellen  ohne  Ersatz  infolge  von  Nekrosc 
wird  uns  nur  ausnahnLsweise  beschaftigen.  Die  Abstossung  von  Epi- 
thelzellen ist  an  sich  ein  normaler  Voi^ang,  und  lasst  sich  an  vollig 
gesunden  Schilddriisen  nachweisen;  doch  ist  die  normale  Abstossung 
eine  sehr  beschriinkte  uml  man  wird  nur  ab  und  zu  in  einem  Blaschen 
eine  oder  einige  ZoUen  bozw.  Kemc  in  Kolloid  sehwimmen  sehen. 

Similar  retrogressive  changes  (frequently  considered  normal) 
have  been  described  in  the  thyroid  gland  in  children,  and  even 
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in  newborn  and  late  Tetuses  (Zielinska  '94,  Elkes  '03,  Hessel- 
berg  '10,  Isenschmid  '10,  Gleim  '12). 

Watson  ('09)  in  40  wild  rats  (species  not  stated)  weighing  60 
to  370  grams  foimd  wide  variations  in  the  thyroid  structure, 
which  he  described  under  four  types.  His  firet  type  presents 
lai^e  colloid-filled  follicles  with  flattened  cells  and  darkly-stained 
nuclei.  His  second  type  shows  smaller  follicles  with  small  cu- 
boidal  cells  with  relatively  little  cytoplasm  and  with  rounded 
nuclei  (appearing  deeply-stained  in  his  figure  2  A).  In  type  3, 
the  follicles  are  small,  cells  large  with  abundant  cytoplasm,  and 
colloid  faintly-staining.  In  type  4,  the  follicle  cells  are  detached 
and  distorted,  with  pycnotic  nuclei  and  cytoplasm  of  variable 
amoimt  and  appearance.  Types  1  and  2  (with  intermediate 
forms)  predominated  in  31  of  the  40  glands,  type  3  in  5  and  type 
4  in  4  cases. 

Watson  concluded  that  these  variations  found  in  thyroid 
structure  "have  been  induced  by  dietetic  or  other  factors  in  the 
animal's  environment."  He  thought  that  they  did  not  repre- 
sent different  stages  of  functional  glandular  activity  (related  to 
digestion),  since  they  were  not  correlated  with  the  nature  of  the 
stomach  contents.  He  does  not  mention  the  possibility  of  in- 
anition, which  according  to  my  results  might  be  the  cause  of  his 
types  1  and  2.  The  fact  that  type  1  was  found  in  animals  with 
both  full  and  empty  stomachs  does  not  disprove  this,  as  the  his- 
tory previous  to  capture  is  unknown  and  the  length  of  time  the 
animals  were  fed  is  not  stated.  Type  3  is  obviously  that  usu- 
ally described  as  normal  and  type  4  corresponds  to  the  degen- 
erative type  which  I  have  found  frequently  in  apparently  nor- 
mal animals. 

In  previous  work,  Watson  ('05)  had  studied  the  effect  of  a 
meat  diet  upon  the  thyroid  gland  of  12  tame  rats  (11  were  6  to 
12  weeks  of  age,  1  adult)  with  8  controls.  The  experiment  lasted 
6  weeks  to  4  months;  and  the  meat-fed  animals  were  usually  re- 
tarded in  body  weight.  Ten  of  the  12  showed  marked  changes 
in  the  thyroid,  including  congestion,  epithelial  proUferation  of 
the  follicles  and  degeneration  of  the  colloid.  (Similar  results  in 
meat-fed  ratw  were  obtained  by  Tanberg,  cited  by  Biedl  '13.) 
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In  a  later  paper,  M'atson  ("07  a)  studied  the  thyroid  in  20  wild 
rats,  10  of  which  were  killed  immediately  after  capture  and  10 
fed  bread  and  milk  for  10  weeks.  The  former  showed  large  col- 
loid-filled follicles  with  flattened  epithelium ;  the  latter  had  smaller 
follicles,  with  little  colloid  and  cubical  epithelium.  Waters  as- 
cribes the  change  to  the  difference  in  diet;  but  here,  as  also  in 
his  meat-fed  rats,  it  is  difficult  to  exclude  the  factor  of  inanition 
{inadequate  nutrition).  He  also  failed  to  note  that  the  degen- 
eration may  occur  apparently  spontaneously.  In  another  paper 
Watson  ('07  b)  finds  in  young  rats  fed  on  oatmeal  diet  for  sev- 
eral weeks  a  marked  enlargement  of  the  thyroid  (0.078  per  cent 
of  the  body  weight  as  compared  with  0.029  per  cent  in  controls). 
In  some  cases,  the  thyroid  epithelial  cells  were  swollen  and 
detached. 

Rebello  and  DaCosta  ('10)  describe  the  thyroid  of  the  normal 
rabbit  as  variable  in  structure  with  the  occurrence  of  epithefial 
desquamation  and  degeneration,  resulting  in  obliteration  of  the 
follicles  in  a  maimer  very  similar  to  that  described  above  for 
the  rat.  They  consider  this  a  normal  physiological  process  fol- 
lowing functional  activity.  However  they  find  the  degeneration 
markedly  increased  by  the  injection  of  thyroid-proteid  extracts. 
They  also  observed  similar  degenerated  areas  in  the  thyroid  of 
a  normal  young  dog. 

Douglas  ('15)  in  an  extensive  study  of  the  effects  of  various 
diets  upon  the  thyroid  of  pigeons,  chicks  and  rats,  described  four 
types  of  structure,  somewhat  similar  to  those  of  Watson.  He 
concludes  that: 

The  histological  appearances  do  not  represent  different  stages  of  se- 
cretion, comparable  to  those  of  secreting  gland;,  engaged  in  the  pro- 
cess of  digestion.  Under  nimilsr  conditions  and  in  animals  fed  on  simi- 
lar diets,  the  appearances  in  the  thyroid  differ  very  markedly.  One 
observes  all  stages  from  the  type  with  large  vesicles,  full  of  colloid  with 
flattened  cells,  to  that  of  a  thyroid  with  no  colloid  and  columnar  shaped 
cells.  Also  the  thyroid  may  be  wholly  or  partly  disintegrated.  The 
variation  in  appearance  of  the  thyroid  seems  to  depend  to  some  extent 
on  the  nutrition,  and  is  thus  only  in  this  way  dependent  on  the  diet. 

Out  of  31  rats  (species  not  stated)  with  "ordinary  laboratory 
diet  of  bread"  Douglas  found  the  degenerative  type  of  thyroid 
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only  once,  though  it  occurred  frequently  in  pigeons  and  chicks. 
It  occurred  very  frequently  (8  of  11  cases),  however,  among  rats 
fed  various  food  mixtures  with  fat.  The  normal  rats  usually 
presented  thyroid  follicles  with  cubical  cells  and  a  moderate 
amount  of  colloid. 

The  variability  in  the  structure  of  the  thyroid  gland  and  its 
physiological  and  pathological  relations  have  been  discussed  by 
Marine  and  Lenhart  (*09  a,  '09  b,  '11  a,  'lib,  '11  c)  in  a  series 
of  papers.  On  the  basis  of  an  extensive  investigation  of  the  hu- 
man and  animal  (dog,  sheep,  ox,  pig,  etc.)  thyroid,  they  distin- 
guish as  'physiological'  the  following:  (1)  normal  resting  gland, 
with  low  cuboidal  epithelium;  (2)  hyperactive  stage,  with  hy- 
peremia, cells  becoming  hyperplastic  and  columnar,  colloid  dis- 
appearing; (3)  colloidal  stage  (of  recovery),  in  which  conditions 
again  return  to  (1)  with  abundant  colloid.  If  hyperactivity  con- 
tinues without  rest,  however,  colloid  disitppears  and  the  cells  die 
of  exhaustion,  becoming  progressively  degenerated  and  desqua- 
mated with  varied  degrees  of  disintegration.  The  nuclei  in  this 
case  are  described  as  enlarged,  often  hyperchromatic,  and  quite 
variable  in  appearance.  Similar  desquamation  and  degeneration 
of  the  follicular  epithelium  is  described  in  normal  senile  atrophy. 
The  flattened  type  of  epithelium,  indicating  a  mmimum  func- 
tional activity,  may  be  experimentally  produced  by  administra- 
tion of  iodine  in  the  diet;  whereas  a  diet  without  iodine  induces 
the  columnar,  hyperactive  type  of  thyroid  cells. 

The  variability  in  structure  due  to  the  extremely  sensitive 
nature  of  the  thyroid  gland  is  emphasized  by  Marine  and  Len- 
hart ('11  c)  as  follows; 

It  haa  long  been  recognized  and  frequently  emphasized  by  us  that 
the  thyroid  tissue  is  extremely  labile^reaeting  quickly  to  relatively 
slight  phyaiological  variations  in  the  body  metabolism,  and  for  this 
reason  may  show  even  daily  histological  changes  within  narrow  limits. 

Marine  ('15)  also  notes  that  thyroid  glands  undergo  autolysis 
in  a  few  hours  after  removal  from  the  body,  especially  if  kept 
near  the  body  temperature,  resulting  in  desquamation  of  the 
alveftlar  epithelium. 


,d.y  Google 


INANITION   OF   THYROID   IN   RATS  329 

In  a  recent  comiminication  in  reply  to  a  letter  of  inquiry  by 
the  author,  Dr.  Marine  states  that  he  has  frequently  observed 
the  so-called  degenerative  changes  in  the  thyroid  of  the  rat  and 
other  animals,  and  comments  as  follows: 

I  personally  consider  this  change  as  a  kind  of  autolysis.  Autolysis 
in  the  thyroid  is  perhaps  more  easily  recognized  than  in  any  other  or- 
gan of  the  body  because  of  its  simple  architecture.  The  change  of 
which  you  speak  consists  of  a  desquamation  of  the  alveolar  cells  and 
a  breaking  up  of  the  cell  membrane,  giving  a  ragged  appt^arance  to  the 
free  border  of  the  cells.  This  is  always  more  marked  in  the  slightly 
•  hyperplastic  stages.  Much  has  been  made  of  this  by  various  experi- 
menters in  an  attempt  to  bring  it  into  relation  with  the  specific  experi- 
ments that  they  were  atudying.  It  is  of  too  general  occurrence  to 
have  so  varied  a  significance.  The  rat  and  the  chick  we  have  found 
to  show  these  changes  most  frequently.  One  sees  it  in  all  chicks  or 
rats  that  are  autopsied  some  hours  after  death  and  even  in  rats  sacri- 
ficed and  autopsied  at  once,  as  all  ours  have  been  just  for  the  purpose 
of  eliminating  this  autolysis.  I  also  think  that  formalin  fixation  is 
favorable  for  its  development,  as  one  rarely  sees  it  in  strictly  fresh 
thyroids  that  have  been  fixed  with  metallic  salts.  In  human  thyroid 
pathology,  as  you  are  aware,  this  change  has  been  described  in  almost 
every  paper  and  in  connection  with  the  Basedow  syndrome.  Most 
writers  who  have  studied  the  human  thyroid  have  attempted  to  ascribe 
some  peculiar  toxic  value  to  it.     This  is  wrong.     It  is  present  in  the 

cretin  thyroid  or  in  any  active  hyperplastic  thyroid  as  well 

In  conclusion,  therefore,  I  believe  that  this  change  is  quite  conunon  in 
rata  and  fowl  thyroids  generally,  and  is  of  frequent  occurrence  in  all 
thyroids  unless  the  special  precaution  is  taken  of  obtaining  the  tissues 
strictly  fresh  and  fixing  them  in  solutions  other  than  formalin.  I  do 
not  think  it  is  any  more  common  in  starvation  experiments  than  in 
other  groups. 

It  might  also  be  added  that  glands  which  have  not  been  placed 
promptly  in  the  fixative,  and  in  which  the  process  of  post  mortem 
autolysis  has  begun,  sometimes  show  considerable  differences  in 
appearance  at  different  depths  from  the  surface.  The  fixation- 
is  better  in  the  superficial  layers  than  in  the  deeper  strata  which 
require  a  longer  time  for  penetration. 

In  order  to  compare  the  structure  of  the  thyroid  gland,  and 
especially  the  occurrence  of  degeneration,  in  the  rats  used  by 
me  with  those  elsewhere,  I  have  obtained  material  from  various 
localities.  Professor  Addison,  of  the  University  of  Pennsylvania, 
kindly  furnished  moimted  specimens  of  the  th3Toid  from  3  noi^ 
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mal  albino  rats.  In  a  young  rat  (121  days),  the  structure  was 
found  nearly  normal,  the  epithelial  nuclei  rarely  showing  incipi- 
ent pycnosis.  In  2  older  rats,  however,  (200  and  452  days), 
there  was  found  a  considerable  amount  of  epithelium  showing 
desquamation  and  typical  degenerative  changes.  In  the  thy- 
roid of  a  gray  rat  (said  to  be  a  hybrid  gray-albino)  sent  by  Pro- 
fessor Evans,  of  the  University  of  California,  the  structure  was 
found  nearly  normal,  but  a  few  areas  showed  typical  degenera- 
tion with  partial  desquamation  of  the  epithelium. 

Through  the  courtesy  of  Professor  Bensley  and  Mr.  Burgett, 
I  obtained  mounted  specimens  from  8  thyroids  of  normal  albino 
rats  (body  weight  117  g.  to  287  g.)  from  the  University  of  Chi- 
cago laboratories.  Of  the  8  glands,  2  showed  extensive  follicu- 
lar degeneration,  1  moderately  extensive  and  2  very  small  areas 
of  slight  degeneration.  Only  3  appeared  perfectly  nonnal 
throughout. 

Concerning  the  degenerative  appearances  found  in  the  thjToid 
gland,  Dr.  Bensley  writes: 

There  are  two  circumstances  which  should  be  borne  in  mind  in  con- 
nection with  these  changes  in  the  thyroid  gland,  which  frequently,  I 
think,  are  responsible  for  similar  changes  in  tissues  which  were  normal 
to  start  with,  namely:  drying  of  the  surface  of  the  gland  when  adequate 
care  is  not  taken  in  transferring  to  woigliing  bottles;  and  pinching  with 
forceps  in  the  process  of  extraction.  The  latter  frequently  initiates  a 
rapid  change  in  the  cell  which  is  marked  by  acid  reaction  to  indicators, 
and  by  greater  affinity  for  basic  stains  in  the  fixed  preparation,  with 
loss  of  characteri.=itic  structure  by  the  nucleus. 

In  connection  with  the  suggestion  by  Dr.  Bensley  of  the  im- 
portance of  traumatic  injury  during  the  removal  of  the  organ  in 
producing  degenerative  changes,  the  observations  of  Sutherland 
('15)  upon  pycnotic  changes  in  nuclei  of  the  spinal  cord  near 
the  seat  of  injury  may  be  cited. 

From  the  foregoing,  it  appears  that  the  characteristic  follicular 
degeneration  of  the  thyroid  appears  to  a  variable  extent  in  ap- 
parently normal  rats,  both  wild  and  albino,  in  widely  separated 
localities. 

Summing  up  the  literature  cited,  together  with  my  own  ob- 
servations, we  may  conclude  that  the  thyroid  gland  shows  an 
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unusual  amount  of  normal  variability  in  histological  structure, 
doubtless  due  at  least  in  part  to  functional  stages  which  are  as 
yet  imperfectly  understood.  Furthermore,  on  account  of  the 
extreme  sensitiveness  of  the  thyroid,  it  reacts  strongly  to  vari- 
ous influences  by  changes  which  lie  on  the  border-line  between 
normal  and  pathological.  So-called  degenerative  conditions 
(desquamation  and  degeneration  of  epithelium)  appear  to  a 
limited  extent  even  in  the  thyroids  of  normal  animals  (including 
man),  although  these  conditions  probably  have  no  physiological 
significance.  Under  various  abnormal  conditions,  these  retro- 
gressive changes  appear  to  be  increased  in  extent  and  intensity. 

Having  reviewed  the  variable  structiu^  of  the  thyroid,  we  may 
now  consider  briefly  the  specific  effects  of  inanition,  as  found  by 
the  few  investigators  who  have  studied  the  histological  changes. 

Barbara  ('02)  studied  the  effects  of  acute  inanition  upon  the 
thyroid  gland  in  3  rabbits  and  1  dog,  with  controls  of  the  same 
sex  and  from  the  same  mother.  The  rabbits  were  starved  7  to 
1 1  days,  and  the  dog  21  days,  with  loss  of  about  30  per  cent  in 
body  weight  in  each  case-  No  data  are  given  as  to  weight  of 
the  gland.  No  measurements  of  the  entire  cells  are  stated,  but 
they  were  found  reduced  in  size,  the  loss  in  the  cytoplasm  being 
greater  than  in  the  nucleus.  The  average  of  a  large  number  of 
measurements  of  the  nuclear  diameters  showed  in  the  rabbit  5.73 
X  4.99  micra  in  the  controls,  and  5.75  X  3.S4  in  the  starved  ani- 
nals.  This  would  indicate  a  reduction  in  size  with  relative  elon- 
gation of  the  nuclei.  This  elongation  of  the  nucleus  was  not 
found  in  the  dog,  however,  where  the  average  of  5.11  X  4.62 
micra  in  the  controls  was  reduced  to  4.44  X  4.28  micra  in  the 
starved.  The  intercellular  substance  was  also  found  reduced  in 
amount,  but  colloid  formation  appeared  to  continue  normally 
(hence  no  symptoms  of  hypothyroidism). 

As  above  stated,  I  have  likewise  found  in  the  rat  thyroid  dur- 
ing inanition  a  slight  reduction  in  the  size  of  the  nucleus,  which 
is  usually  much  less  marked  than  the  decrease  in  cytoplasm,  I 
find  the  shape  of  the  nucleus  dependent  upon  the  form  of  the 
cell;  in  cases  where  the  cell  becomes  flattened,  the  nucleus  be- 
comes correspondingly  elongated,  but  otherwise  it  usually  re- 
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tains  its  spherical  or  ovoidal  (ellipsoidal)  form.  Morgulis  ('11) 
found  a  tendency  to  relative  elongation  in  the  nuclei  of  various 
organs  in  Diemyctylus  during  starvation,  but  not  in  the  liver  and 
pancreas  of  the  albino  rat. 

Traina  ('04)  finds  in  the  thyroid  of  the  rabbit  during  inanition 
a  decrease  of  about  30  per  cent  in  the  volume  of  the  cells,  the  loss 
being  relatively  greater  in  the  cytoplasm  than  in  the  nucleus. 
The  cells  lose  more  in  height  than  in  breadth;  the  nucleus  remains 
distinct  and  regular  in  outline.  The  fatty  granules  (previously 
described  in  the  thyroid  by  Erdheim  '03)  remain  in  the  atrophic 
cells  unchanged  in  position,  number,  form  and  size. 

Missiroli  ('II)  in  rabbits  finds  the  thyroid  structure  correlated 
with  the  stage  of  digestion  present.  When  food  is  withheld,  the 
colloid  is  no  longer  eliminated  but  accumulates  and  distends  the 
follicles.  In  some  cases  of  prolonged  fasting,  the  colloid  may 
undei^o  'fatty  degeneration.'  In  advanced  stages  of  inanitioo, 
nuclei  and  protoplasm  undergo  atrophy,  and  the  interstitial  (con- 
nective) tissue  appears  increased.  On  refeeding,  the  colloid  ac- 
cumulated in  the  follicles  is  rapidly  eliminated. 

Mrs.  Thompson  ('11)  states  that: 

In  a  dog  which  had  been  subjected  to  &  few  days'  inanition,  the  thy- 
roid (hardened  in  strong  Flcmining's  fluid)  appears  very  different  from 
the  normal.  The  cells  apppar  swollen  rather  than  prohferated,  aod  b 
some  cases  vesicles  are  filled  with  cells.  The  vesicles  are  shrunk  so  as 
to  assume  various  shapes,  and  much  inter  vesicular  material  appears. 
The  general  appearance  is  as  if  the  gland  had  been  roughly  squeezed. 
80  that  the  vesicles  are  any  shape  but  spherical.  The  change  wrought 
by  inanition  seems  to  make  the  structure  of  the  gland  tend  towards 
that  of  the  parathyroid. 

It  is  doubtful  to  what  extent  the  changes  described  by  Mrs. 
Thompson  were  actually  due  to  inanition,  since  the  inanition 
period  was  relatively  short  (for  a  dog)  and  the  normal  variation 
in  structure  is  uncertain.  She  describes  a  similar  appearance 
in  the  thyroid  of  a  cereal-fed  dog,  while  that  of  a  meat-fed  d(« 
was  normal. 

In  general,  therefore,  we  find  that  the  observations  upon  the 
structure  of  the  thyroid  during  in&nition,  including  those  ot  pi*" 
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vious  observers  tuid  my  own,  while  ditfering  in  various  minor 
details,  agree  in  the  main.  The  epitheUum  of  the  thyroid  follicles 
apparently  undergoes  at  first  a  simple  atrophy,  whieh  affects 
the  cytoplasm  more  than  the  nucleus.  The  cells  thus  become 
reduced  in  height, '  with  relatively  large  nuclei.  In  advanced 
stages  of  inanition,  degenerative  phenomena  (found  also  to  a 
limited  extent  even  in  the  normal  gland)  become  increasingly 
evident.  The  folUcular  cells  may  remain  in  situ,  but  usually 
are  desquamated,  replacing  the  colloid  (which  otherwise  remains 
nearly  normal).  The  cytoplasm,  t3T)ically  vacuolated  in  the 
earlier  stages,  may  become  collapsed,  deeply-staining  and  more 
or  less  homogeneous  ('colloid'  type)  in  appearance,  or  may  dis- 
integrate, forming  an  irregular  granular  mass.  The  nucleus  usu- 
ally becomes  hyperchromatic,  undergoing  successive  stages  of 
karyopycnosis,  ending  in  extreme  cases  in  karyorrhexis.  Some- 
times, however,  it  becomes  hypochromatic,  and  undergoes  kary- 
olytic  changes. 

It  is  somewhat  remarkable  that  these  characteristic  changes 
during  inanition,— cell-atrophy  with  characteristic,  more  or  less 
extensive  nuclear  and  cytoplasmic  degeneration, — are  likewise 
found  to  a  greater  or  less  extent  associated  with  a  wide  range  of 
other  conditions.  In  the  foregoing  pages,  changes  in  thyroid 
structure  somewhat  similar  to  those  associated  with  the  various 
degrees  of  inanition  have  been  mentioned  in  connection  with 
the  following: 

1.  Spontaneous  (?)  degeneration  (in  normal  animals  without 
apparent  cause). 

2.  Age  changes  (tendency  of  cells  to  become  flattened  with 
age;  senile  atrophic  changes). 

3.  Functional  changes  (varied  changes  due  to  functional  ac- 
tivity; atrophy  in  the  exhaustion  following  hyperactivity). 

4.  Changes  due  to  effects  of  diet  (meat  and  other  special  diets; 
administration  of  iodine). 

5.  Toxic  effects  (changes  produced  by  injection  of  various 
toxic  substances,  proteid  extracts,  etc.). 

6.  Circulatory  disturbances  (stasis  produced  by  ligation  of  ves- 
sels, etc.). 
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7.  Pathological  conditions  (thyroiditis,  exophthalmic  goiter, 
etc.),  probably  due  to  infections. 

8.  Results  of  imperfect  fixation. 

9.  Post  mortem  changes  (due  to  mechanical  injury,  post  mor- 
tem autolysis,  etc.).  ' 

To  this  should  be  added  the  statement  that  very  similar  cell- 
changes  have  been  described,  especially  by  pathologists,  in  vari- 
ous tissues  of  the  body,  most  frequently  in  the  epithelia  of  the 
various  parenchymatous  glands.  Changes  in  the  renal  epithe- 
lium following  ligation  of  vessels,  infarcts,  intoxications,  infec- 
tions, post  mortem  changes,  etc.,  form  a  familiar  example,  in 
which  the  phenomena  are  in  many  respects  strikii^ly  similar  to 
the  degenerative  changes  above  described  for  the  thyroid  gland. 

The  remarkable  similarity  in  the  degenerative  changes  thus 
found  in  various  organs  and  under  apparently  widely  different 
conditions  naturally  raises  the  question  as  to  whether  the  under- 
lying fundamental  process  may  not  be  at  least  in  some  respects 
essentially  similar  in  all  cases.  It  may  be  possible,  for  example, 
that  cellular  inanition  may  be  produced  in  different  ways,  and 
may  therefore  be  the  essential  factor  in  the  process  of  degenera- 
ation  arising  from  varied  causes.  If,  as  is  now  generally  as- 
sumed, cellular  metabohsm  is  accomplished  by  means  of  nu- 
merous varieties  of  intracellular  enzymes,  one  could  easily  under- 
stand how  anything  which  would  destroy  or  interfere  with  the 
activity  of  any  of  the  enzymes  necessary  to  anabolism  might 
thereby  produce  a  condition  of  cellular  inanition,  even  in  the 
presence  of  an  abundant  food-supply.  The  probable  importance 
of  autolytic  enzymes  in  the  phenomena  of  cell-degeneration,  es- 
pecially in  the  nuclear  changes  of  pycnosis,  karyolysis,  etc.,  has 
been  emphasized  by  Wells  ('14)  and  others.  A  final  solution  of 
the  problem  is  impossible  at  the  present  time,  on  account  of  our 
scanty  knowledge  of  normal  cell-physiology;  but  it  seems  prob- 
able that  many  of  the  phenomena  of  cellular  degeneration  from 
various  apparent  causes  will  ultimately  be  explainable  as  due 
essentially  to  cell-inanition. 
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THE  PARATHYROID  GL.\ND 

The  normal  structure  of  the  parathyroid  glands  will  be  con- 
sidered first,  followed  by  a  discussion  of  the  changes  produced 
during  inanition. 

a.  Normal  structure  of  the  parathyroid  glands 

As  is  welt  known,  there  is  in  the  rat  a  single  pair  of  parathyroid 
glands,  said  to  correspond  to  parathyroid  III.  In  one  excep- 
tional case,  I  found  a  parathyroid  (see  table  1)  on  one  side  only. 
I  have  never  observed  the  accessory  parathyroids  described  by 
Erdheim  (cited  by  Biedl  '13)-  The  parathyroids  are  located  upon 
the  external  surface  of  each  lateral  lobe  of  the  thyroid  gland, 
usually  somewhat  posteriorly,  though  occasionally  more  anteri- 
orly (figs.  1,  3,  4,  5,  6). 

Ochsner  and  Thompson  ('10)  state  that  the  parathyroids  of 
the  rat  are  located  within  the  thyroid  lobes  near  the  upper  pole. 

1  find,  however,  that  there  is  considerable  variation ;  they  occur 
8%htly  more  frequently  opposite  the  middle  third  of  the  thy- 
roid lobe,  but  often  at  more  cephalic  or  caudal  levels.  Of  59 
glands  whose  position  was  noted,  18  were  located  in  the  cephalic 
third  of  the  thyroid,  20  in  the  middle  third,  13  in  the  caudal 
third,  6  at  the  junction  of  the  cephalic  and  middle  thirds,  and 

2  at  the  junction  of  middle  and  caudal  thirds.  The  parathyroids 
of  the  two  sides  are  usually,  but  not  always,  at  nearly  the  same 
level.  In  3  cases  observed,  one  parathyroid  was  located  in  the 
cephalic  third  of  the  lateral  lobe  of  the  thyroid,  while  the  oppo- 
site parathyroid  corresponded  to  the  caudal  third  of  the  thyroid. 

The  parathyroid  gland  fies  partly  embedded  within  the  thy- 
roid, about  one-fourth  to  one-third  of  its  surface  usually  forming 
an  external  free  or  exposed  surface  (figs.  1,  3,  4,  5,  6).  Sometimes 
it  may  project  more  extensively  from  the  thyroid  surface;  in 
other  cases  it  lies  more  deeply,  rarely  entirely  embedded  within 
the  thyroid. 

As  to  size,  the  dimensions  of  the  parathyroid  gland  at  vari- 
ous ages  are  given  in  the  following  table. 
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MeaturemenU  from  mounted 


g  DIHBHaiONB  OF  PABATHYIOIM 


A.  Normal   {control)   rats 


St  32,1  t 

5.0(— ) 

0.22X0.18X0.28 

0.26X0.18X0.26 

0.23 

V     2.1  m 

22. 7(-) 

0,34X0.18X0.30 

0.34X0.18X0.36 

0.28 

S     9.47  f 

25 

5(23.3) 

0.33X0.32X0.38 

0.28X0.38X0.38 

0.35 

St  32.2  m 

27 

2(-) 

0-46X0.32X0.48 

0.53X0.36X0.50 

0,44 

St    5,1  t 

63. 0(—) 

0.62X0.56X0.62 

0.56X0.50X0.52 

0.56 

St  12.54  f 

121 

(116) 

0.96X0,58X0.72 

0.83X0.64X0.72 

0.76 

S     5.4  f 

126 

(118) 

0.64X0  50X0.40 

0.54X0.50X0.36 

0.49 

St  10. Mf 

135 

(129) 

1.21X0.6.1X0,90 

0.94X0.70X0.90 

O.SS 

H  24.3 f 

143 

(138) 

0.66X0,56X0.88 

0.60X0.66X0.72 

0.64 

H  65.7  f 

144 

(139) 

0.57X0.43X0.64 

0.55X0.40X0.80 

0.57 

H  60,3 f 

146 

(138) 

0.47X0.68X0.74 

0.75X0.48X0.74 

0.63 

H  68  3  f 

168 

(151) 

0.45X0,48X0,68 

0.46X0.48X0.52 

0.50 

H  42.3  f 

170 

(160) 

0,55X0,64X0,74 

0,78X0.60X0.70 

0.67 

S     0,3  m 

172 

(167) 

0,62X0.36X0,47 

(not  observed) 

0.48 

H  47.3  m 

174 

(168) 

0,54X0,64X0,72 

0.66X0.54X0.80 

0.65 

H  2T.3f 

175 

(166) 

0,84X0-58X0.90 

0.89X0.60X0,80 

0.77 

MI  2  m 

181 

(173) 

0,49X0.58X0.74 

0.56X0.46X0.67 

0.58 

H  34,3  t 

ISl 

(173) 

0,70X0.54X1,12 

(1  Rland  absent) 

0.79 

H  34.6 f 

194 

(188) 

0,57X0.70X0.86 

0.84X0.56X0.76 

0.71 

S    33.ll6f 

104 

(188) 

0.79X0.60X0.86 

0.90X0.68X0.70 

0.76 

H  70.3  m 

208 

(198) 

0.63X0,48X0.80 

0.79X0.53X0,80 

0.67 

H  27.6m 

229 

(222) 

0.75X0.75X0.85 

0.88X0.60X0,80 

0-77 

H  50.3m 

230 

(222) 

0.75X0.60X0.90 

0.77X0.72X0.90 

0-77 

S    14xm 

252 

(247) 

0.68X0.55X0.65 

0.72X0.55X0.80 

0.66 

H  54.3  m 

284 

(275) 

0.86X0.60X0.80 

0.66X0.64X0.80 

0.73 

SI  Urn 

322 

(314) 

0.88X0.72X0,96 

1,07X0.85X0.90 

0,90 

ti.  Rats  at  mainlena 

nee  from  S  to  10  weeks  of  age 

S      5.10  f 

67 

100 

22.7(21.0) 

0.49X0.40X0.42 

0.52X0.37X0.50 

0.43 

S    11.63f 

72 

95 

23.8(22.6) 

0.50X0.50X0.50 

(not  observed) 

0  50 

S    11.65m 

r; 

m 

23,8(22,6) 

0.48x0.44X0,53 

0,47X0.48X0.52 

0.49 

S    ll,64f 

7; 

lOt 

24.2(22.9) 

0.61X0.55X0.66 

0.68X0,60X0.60 

0.60 

S    12,69  f 

« 

lot 

24.6(22.7) 

0.43X0.50X0.65 

0,46X0.56X0.56 

0.52 

S     6.23  f 

72 

102 

26-1(24,5) 

0-72X0.40X0.30 

(not  observed) 

0  47 

S     3.8 1 

73 

IM 

27.6(24.6) 

0.50X0.45X0.35 

0.50X0.45X0.35 

0.43 
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C.  Adult  ruta  with  acute  inanition' 


M  Im 

(?) 

ao.7 

248  to  168(165) 

0.50X0.60X0.80 

0,46X0,64x0-80 

0.63 

M    2m 

(?) 

(?i 

254  to  170(167) 

0.69X0.48X0.80 

0,57X0,52X0.80 

0.64 

S    16  f 

(?) 

I9S 

267  to  190(186) 

0.75X0.51X0.52 

0,78X0.50X0.55 

0,60 

S    27  m 

(?) 

^15 

320  to  223(219) 

0,77X0.60X0.80 

0,85X0.60X0.80 

0,74 

S    25  m 

('') 

.00 

32S  to  202(198) 

0-73x0.52X0.70 

0.88X0.58X0.66 

0.68 

D.  AduU  rats  with  chronic 


175  188  to  125(122) 
175  220  to  138(134) 
190  264  to  163(158) 


0.48X0.48X0.96 
0.35X0.45X0.70 
0,55X0,52X0,72 


0.49X0.66X0.72  0.63 
0.35X0.70X0.75  0.55 
0,52X0..tOXO,70     0.59 


■Both  initial  aod  final  body  weights  given. 

In  the  first  column,  the  letters  'St',  ^V,'  etc.,  refer  to  different  series  of  rats 
used.  The  number  precedin);  the  decimal  point  is  the  litter  number;  the  number 
following  is  the  individual  number,  'm'  refers  to  male,  'f  to  female.  Under 
'Dimeneioos  of  parathyroids,'  the  measurements  for  the  two  glands  are  listed 
separately  in  columns  'a'  and  V. 

The  cephalo-caudal  length  (which  is  always  the  first  of  the 
three  dimensions  given  in  the  table)  was  calculated  from  the 
number  of  sections,  of  known  thickness,  through  which  the 
gland  extended.  The  other  dimensions  represent  the  lai^st  and 
smallest  diameters  measured  in  the  largest  cross-section  of  the 
gland,  in  the  mounted  sections.  It  should  be  noted,  therefore, 
that  these  dimensions  are  smaller  than  in  the  fresh  gland,  as 
each  linear  dimension  has  probably  undei^one  a  shrinkage  of  at 
least  10  per  cent  in  the  process  of  fixation,  dehydration  and  em- 
bedding. 

Generally  speaking,  the  parathyroid  presents  a  slightly  flat- 
tened, ellipsoidal  form,  the  relative  dimensions  usually  corre- 
sponding in  a  general  way  to  those  of  the  associated  lobe  of  the 
thyroid.  That  is,  in  cross-section  the  outline  usually  appears 
somewhat  compressed  medio-laterally;  but  the  cephalo-caudal 
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dimension  is  greatest  in  less  than  half  of  the  cases.  It  will  be 
noted,  however,  that  the  parathyroid  is  frequently  nearly  spheri- 
cal in  form,  the  three  axes  being  approximately  equal  (table  1; 
figs.  1  and  3  to  6). 

The  normal  growth  in  the  dimensions  of  the  parathyroid  is 
evident  from  the  table.  In  the  pair  of  newborn  parathyroids, 
the  average  diameter  is  0.23  mm,;  at  2  weeks  it  is  0,28  nun.; 
at  3  weeks  0.35  to  0.44  mm.;  and  at  8  weeks,  0,56  mm.  In  5 
rats  from  70  to  74  days  of  age,  the  average  is  0.54  mm.  (range 
0.48  to  0.67  mm.).  The  dimensions  increase  very  irregularly  up 
to  0.90  mm.  average  in  a  rat  of  322  g.  gross  body  weight,  442 
days  of  age. 

In  spite  of  the  comparatively  small  number  of  obser\'ations 
and  the  admitted  inadequacy  of  the  average  diameter  as  a  meas- 
ure of  the  size  of  the  parathyroid,  it  is  believed  that  these  data 
are  useful  for  purposes  of  general  comparison.  The  data  for 
the  individual  parathyroids  were  compared  with  the  weights  of 
the  corresponding  thyroids  (not  shown  in  the  table) ,  but  there  is 
apparently  no  close  correlation  between  them, 

A  point  of  special  interest,  which  is  not  apparent  from  casual 
inspection  of  the  table,  appears  more  clearly  when  the  ohser\'a- 
tions  are  plotted  graphically  according  to  the  body  weight  and 
average  diameter  of  the  parathyroid.  The  gland  appears  to  be 
reUitively  larger  in  the  females.  Further  observations  will  of 
course  be  necessary  to  establish  this  point  with  certainty;  but 
if  true,  this  will  place  the  parathyroid  in  a  class  with  the  hy- 
pophysis and  suprarenals,  in  which  the  female  rats  possess  rel- 
atively larger  glands. 

The  normal  structure  of  the  parathyroid  gland  in  the  albino  rat 
at  3  weeks  of  age  is  shown  in  figure  11.  The  epithelial  cells  are 
grouped  in  irregular,  closely-packed  masses,  occasionally  showing 
a  cylindrical  or  cord-like  arrangement. 

In  size  the  parathyroid  epithelial  cells  vary  considerably,  tbe 
average  being  about  6x8  micra,  or  slightly  larger.  They  ^^ 
thus  considerably  smaller  than  the  thyroid  epithelium  of  a  cor- 
responding gland.     The  cell  boundaries  are  usually  distinct. 
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The  cytoplasm  is  relatively  small  in  amount,  forming  a  nar- 
row zone  1  to  2  micra  in  width  around  the  nucleus.  The  cyto- 
plasm is  usually  finely  granular  and  pale  reddish-violet  in  ap- 
pearance (with  Zenker  fixation  and  haematoxylin-eosin  stain). 
No  'oxyphile'  (eosinophile)  cells  are  present. 

The  nuclei  of  the  parathyroid  epitheUum  (fig.  11)  vary  con- 
siderably. They  usually  appear  elongated,  the  smaller  rounded 
forms  perhaps  representing  cross-aections  of  elUpsoidal  nuclei. 
There  is  considerable  variation  in  size  (average  about  4x6  micra) 
and  form.  The  nuclear  outline  frequently  presents  a  notched  or 
lobulated  appearance. 

In  structure,  the  parathyroid  nuclei  are  similar  to  those  of  the 
thyroid,  presenting  a  distinct,  deeply-staining  nuclear  membrane, 
and  a  faint  nuclear  network  with  usually  one  or  two  distinct 
nucleoli  (karyosomes),  in  a  clear,  Ught,  homogeneous  background 
corresponding  to  the  nuclear  sap  (karyolymph).  Mitoses  are 
relatively  abundant  at  this  stage,  two  or  three  being  found  in 
each  cross-section  near  the  center  of  the  gland. 

The  parathyroid  gland,  like  the  thyroid,  is  in  general  fairly 
uniform  throughout  in  structure  at  this  time,  but  certain  irregu- 
larities may  appear,  even  at  this  age.  In  the  most  superficial 
stratum  of  the  gland,  especially  on  the  external  free  surface  (not 
in  contact  with  thyroid)  modified  cells  may  appear.  These 
cells  usually  form  small  groups  of  somewhat  atrophic  appear- 
ance. The  cytoplasm  is  more  irregular,  vacuolated  or  denser 
and  deeply-staining.  The  nuclei  of  these  cells  are  generally 
somewhat  smaller  than  usual,  often  flattened,  and  with  more  or 
less  deeply-staining  homogeneous  appearance  characteristic  of 
the  earlier  stages  of  pycnosis.  Such  atrophic  cells  rarely  occur 
except  near  the  surface,  and  perhaps  represent  a  mild  form  of 
pressure-atrophy  (as  found  also  near  the  surface  in  the  thyroid). 

The  interstitial  connective  tissue  forms  a  delicate,  fibrous 
stroma,  like  that  of  the  thyroid,  except  that  it  is  usually  not  so 
highly  vascular  (fig.  11).  In  a  few  places,  it  is  somewhat  more 
abundant,  forming  scattered,  irregular,  light  streaks  observed  in 
the  interior  of  stained  cross-sections.  These  streaks  apparently 
become  more  distinct  in  the  older  rats. 
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In  the  parathyroid  at  10  weeks,  the  structure  is  essentially 
the  same  as  at  3  weeks  (fig.  11),  no  important  change  in  the 
appearance  or  average  size  of  the  cells  being  observed.  Mitoses 
appear  somewhat  less  frequently,  only  1  or  2  in  a  section.  The 
atrophic  or  degenerated  types  appear  usually  somewhat  more 
frequently  and  more  pronoimced  in  character,  however.  They 
most  commonly  appear  in  the  superficial  stratum,  especially  at 
the  ratposed  surface  (not  in  contact  with  thyroid);  but  occa- 
sionally in  the  interior  also,  usually  in  scattered  areas.  The 
nuclei  of  these  cells  are  usually  deeply-staining  and  pycnotic, 
though  vesicular  karyolytic  forms  also  occur.  The  cytoplasm 
in  these  atrophic  types  is  usually  rarefied  and  vacuolated  in  apt- 
pearance,  but  occasionally  somewhat  coarsely  granular  and 
deeply-staining  (eosinophile),  suggesting  in  some  respects  the 
'oxyphile'  type  described  as  normal  by  some  authors  for  the 

Fig.  11  A  Binall  portion  of  the -parathyroid  gl&nd  shown  in  figure  1  (rat  S 
9.47,  normal  3  weeks),  magnified  to  represent  the  details  of  the  normal  histologi- 
cal structure  (which  ia  essentially  the  same  as  at  10  weeks).  Epithelial  cellsin 
irregular  masses;  cytoplasm  graDular,  scanty  in  amount;  nuclei  irregularly  elon- 
gated in  appearance.    Stroma  scanty,  vascular.     (X  750,) 

Fig.  12  A  small  portion  of  the  parathyroid  gland  shown  in  figure  4  (rat  No. 
8  11.63,  held  at  maintenance  from  21  to  72  days  of  age),  magnified  to  show  details 
of  histological  structure.  This  area  represents  the  hypochromatic  (incipient 
karyolytic)  type,  which  is  relatively  infrequent.  The  nuclei  appear  light  and 
swollen.  The  cytoplasm  here  is  apparently  not  reduced  in  amount, but  shows 
tendency  to  vacuohzation  and  disappearance  of  the  normal  granulation.  Stroma 
normal.     (X  750.) 

Fig.  13  A  small  port  on  of  the  parathyroid  gland  shown  in  figure  5  (rat  No. 
S  5.10,  held  at  maiatenance  from  21  to  67  days  of  age) ,  magnified  to  show  the  de- 
tails of  histological  structure.  This  area  represents  the  typical  hyperchromatic 
type  (various  stages  of  karyopycnosis) .  Cytoplasm  more  or  less  reduced  in 
amoimt,  with  marked  vacuolization  ('hydropic  degeneration').  Stroma  nor- 
mal.    (X  750.) 

Fig.  14  A  small  portion  of  the  parathyroid  gland  shown  in  figure  6  (rat  No. 
S  11.64,  held  at  maintenance  from  21  to  73  days  of  age),  magnified  to  show  the 
details  of  histological  structure.  This  area  represents  a  somewhat  advanced 
stage  of  degeneration,  which  frequently  involves  small,  scattered  masses,  but  is 
rarely  extensive.  The  nuclei  are  partly  of  the  hypochromatic  (karyolytic),  and 
partly  of  the  hyperchromatic  (karyopycnotic)  type.  Around  the  former,  the 
cytoplasm  is  usually  vacuolated  ('hydropic  degeneration');  while  around  the 
latter  type  cytoplasm  appears  reduced  in  amount,  deeply-staining  (eosinophile) 
and  frequently  coarsely  granular  in  appearance.     (X  750.) 
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parathyroid  of  various  uiimals  (iucluding  man).  Sometime& 
spaces  are  seen  betweea  the  lai^r  bundles  of  connective  tissue  - 
and  the  adjacent  parenchyma.  These  spaces  somewhat  re- 
aemble  in  appearuice  the  paratrabecular  and  subcapsular  lympb- 
sinuses  in  lymph-nodes. 

In  the  older  and  adult  animals,  the  parathyroid  gland  shows 
essentially  the  same  structure  as  d^cribed  at  10  weeks.  The 
cells  average  perhaps  slightly  larger,  the  nuclei  being  typically 
elliptical  and  averaging  between  4x6  and  5x7  micra.  The 
cytoplasm  forms  a  Ught  granular  zone  I  to  2  micra  in  width. 
Mitoses  are  not  found  in  the  adult  rats.  The  atrophic  or  de- 
generative types  of  cells  occur  frequently,  though  usually  in 
limited,  scattered  areas,  especially  near  the  exposed  surface  of 
the  parathyroid. 

b.  Structure  of  the  parathyroid  glands  in  young  rats  hdd  ai 
Ttiainienance 

If  in  the  rats  held  at  maintenance  (constant  body-weight) 
from  the  ^e  of  3  to  10  weeks  the  dimensions  of  the  parathyroid 
^ands  be  compared  with  those  of  the  controls  at  3  and  10  weeks 
(table  1),  it  app^Ts  that  the  parathyroid  has  not  shrunken  in 
size  during  the  experiment.  On  the  contrary  it  has  even  ap- 
parently increased  so  that  the  dimensions  are  nearly  as  lai^as 
those  of  the  full-fed  controls  of  the  same  ^e  but  several  times 
laz^r  in  body-we^t.  As  shown  in  table  1,  the  average  diame- 
ter of  the  normal  parathyroid  at  3  weeks  is  about  0.40  mm.,  at 
10  weeks,  0.64  mm.;  in  maintenance  3  to  10  weeks,  0.49  mm. 
Thus  the  parathjroid  in  yoxmg  rats  held  at  maintenance  be- 
comes relatively  very  lai^e  in  comparison  with  the  thyroid  (which 
usually  decreases  somewhat),  as  is  apparent  upon  comparison 
of  the  parathyroids  in  figures  1  imd  3  with  those  in  figures  4,  5 
and  6. 

The  changes  in  the  histolc^cal  structure  of  the  parathyroid 
gland  during  inanition  are  on  the  whole  less  marked  than  in  the 
thyroid  gland,  although  in  most  respects  sinular  in  character. 
In  the  parathyroids  of  rats  held  at  maintenance  from  the  age  of 
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3  to  10  weeks,  the  epithelial  cells  show  a  variety  of  changes  in 
atnicture,  but  it  is  doubtful  whether  there  is  in  most  cases  any 
marked  decrease  in  the  average  voliime  of  the  cells. 

The  cytoplasm,  however,  has  undergone  structural  changes 
similar  to  those  described  for  the  th3Toid  cells  (though  somewhat 
lees  marked),  its  finely  granular  structure  usually  showing  more 
or  less  marked  vacuollzaticoi  or  'hydropic  d^^eration'  (figs.  12, 
13, 14).  In  some  cases,  however,  especially  with  advanced  karyo- 
pycnosis,  the  cytoplasm  may  appear  somewhat  diminished  in 
amount,  and  with  deeply-staining  (eosinophile),  coarsely  granu- 
lar structure.  The  cell-boundaries  sometimes  remain  distinct 
(fig.  12),  but  are  frequently  indistinct  (figs.  13  and  14). 

Two  distinct  t3rpe8  of  nuclear  change  occur  (similar  to  those 
found  in  the  thyroid).  In  the  first  or  hypochromatic  type  (fig. 
12)  the  nuclei  appear  vesicular,  swollen  and  very  lightly  stained. 
This  type  is  relatively  less  frequent  (as  in  the  thyroid)  and  may 
appear  in  all  the  cells  over  considerable  areas  (as  in  fig.  12),  or 
in  scattered  cells  or  small  groups  (as  in  fig.  14).  This  type  of 
nucleus  probably  represents  an  early  stage  of  karyolysia,  though 
it  is  doubtful  whether  any  nuclei  actually  reach  dissolution  in 
the  specimens  studied. 

As  in  the  thyroid,  the  more  frequent  type  of  nuclear  change 
in  the  parathyroid  in  young  rats  held  at  maintenance  is  in  the 
direction  of  hyperchromatosis,  representing  various  stages  of 
karyopycnoras  (figs.  13  and  14).  For  the  most  part,  however, 
the  parathyroid  nuclei  do  not  go  beyond  the  earlier  stages, 
merely  showing  a  homogeneous  background  more  deeply  col- 
ored so  as  to  obscure  the  internal  nuclear  structure.  In  these 
nuclei,  there  is  little  if  any  decrease  in  size,  and  this  type  fre- 
quently occurs  throughout  practically  the  entire  gland.  Less 
frequently  more  advanced  stages  of  pycnosis  are  found,  in  which 
the  nuclei  are  diminished  in  size,  with  homogeneous  deep  stain 
(fig.  13).  The  hyperchromatic  and  hypochromatic  types  of  cell- 
d^eneration  may  sometimes  occur  intermingled,  as  in  figure  14. 

No  advanced  stages  involving  karyorrhexis  were  found. 
Neither  mitosis  nor  amitosis  was  observed  in  any  case. 
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The  interstitial  tissue  or  stroma  of  the  parathyroid  rarely 
shows  any  noteworthy  changes.  In  some  cases  it  appears 
sli^tly  increased  in  amount,  with  edemic  appearance,  but  not 
so  often  as  in  the  thyroid. 

C.  Structure  of  parathyroid  in  advU  rats  after  acute  and  chronic 
inanition 

In  adiilt  rats  subjected  to  acute  or  chronic  inanition,  the  di- 
mensions of  the  parathyroid  gland  are  given  in  table  1.  While 
it  is  impossible  to  draw  any  final  conclusion,  on  account  of  indi- 
vidual variation  and  the  small  number  of  observations,  there 
seems  to  be  a  decrease  in  the  size  of  the  parathyroid  as  a  result 
of  inanition.  Wb^i  the  average  diameters  and  corresponding 
(final)  body-weights  are  plotted  graphically,  the  parathyroids 
appear  approximately  normal.  Their  decrease  during  inanition 
therefore  would  appear  to  be  nearly  proportional  to  that  of  the 
whole  body. 

In  histolc^cal  structure,  the  parathyroids  in  adult  rats  after 
acute  and  chronic  inanition  show  changes  essentially  like  those 
described  for  the  yoimger  maintenance  rats.  The  changes  are 
in  general  less  marked  than  in  the  thyroid,  but  there  is  consid- 
erable individual  variation.  Although  there  is  cell-shrinkage  in 
some  places,  especially  where  degeneration  is  marked,  in  other 
places  there  appears  no  decrease  in  the  average  size  of  the  para^ 
thyroid  cells. 

The  cytoplasm  in  adult  parathyroids  following  inanition  some- 
times appears  nearly  normal,  but  usually  shows  typical  vacuoli- 
zation ('hydropic  degeneration'),  or  in  some  cases  a  more  deeply- 
staining  homogeneous  or  coarsely  granular  structure  (especially 
accompanying  markedly  pycnotic  nuclei). 

The  nuclei  may  be  nearly  normal,  but  usually  show  hyper- 
chromatic  changes  (more  rarely  hypochromatic),  being  usually 
found  in  the  earlier  (rarely  late/)  stages  of  karyopycnosis.  These 
changes  occur  not  merely  in  restricted  areas,  or  near  the  free 
surface  (as  found  in  the  normal  gland)  but  usually  and  typically 
involve  lai^e  areas  and  frequently  the  entire  gUmd.  Thus  white 
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no  new  types  of  cells  occur,  the  atrophic  types  which  occur  in- 
frequently and  in  small  amount  in  the  normal  gland  become 
very  frequent  and  extensive  during  inanition.  The  changes  in 
general  appear  to  be  somewhat  more  marked  and  extensive  dur- 
ing chronic  than  during  acute  inanition,  although  there  are  indi- 
vidual variations. 

The  interstitial  connective  tissue  or  stroma  of  the  parathyroid 
appears  usually  somewhat  more  distinct,  and  often  relatively  in- 
creased slightly  in  amount,  during  acute  and  chronic  inanition 
of  adults. 

d.  Discussion  and  coTiclvsiona 

Broadly  speaking,  we  may  conclude  from  the  foregoing  that 
in  general  the  effects  of'  inanition  upon  the  parathyroid  gland 
are  Mmilar  to  those  on  the  thyroid,  but  somewhat  less  marked. 
The  similarities  and  differences  include  the  following. 

The  parathyroid  gland  apparently  belongs  to  that  group  of 
organs  which  in  young  rats  tend  to  continue  growth,  even  when 
the  body-weight  is  held  constant.  This  group  includes  the  eye- 
balls, spinal  cord,  testes,  skeleton,  alimentary  canal,  suprarenal 
glands  and  hypophysis.  The  thyroid,  on  the  contrary,  belongs 
to  the  group  losing  weight  (Jackson  '15  b). 

In  the  parathyroid,  many  of  the  individual  cells  apparently 
do  not  decrease  in  size  during  inanition;  whereas  in  the  thyroid 
the  decrease  is  usually  well  marked,  especially  in  the  cytoplasm. 

In  both  parathyroid  and  thyroid  glands,  the  cytoplasm  usu- 
ally shows  marked  changes  during  inanition,  whether  or  not  it 
is  decreased  in  amount.  Vacuolization  ('hydropic  degenera- 
tion') is  most  frequent,  but  deeply-staining,  eosinophile  conden- 
sations of  homogeneous  (especially  in  the  thyroid)  or  coarsely 
granular  (especially  in  the  parathyroid)  types  may  occur. 

The  nucleus  in  both  parathyroid  and  thyroid  glands  during 
inanition  tends  to  become  hyperchromatic  (more  rarely  hypo- 
chromatic).  Thus  the  nuclei  are  commonly  found  in  various 
stages  of  pycnosis,  the  earlier  stages  being  typical  in  the  parathy- 
roid, while  in  the  th3Toid  the  later  stages  (and  even  karyor- 
rhexis)  may  frequently  occur. 
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Id  botii  parathjToid  and  thyroid  (especially  the  latter)  the 
normal  structure  is  somewhat  variable,  and  a  few  cells  of  atro- 
phic, degenerative  character  occur.  These  atrophic  types  be- 
come much  more  pronounced  and  numerous  during  inanition. 

The  fibrous  interstitial  tissue  (stroma)  undei^oes  little  change 
during  inanition,  though  sometimes  it  is  increased  in  amount 
by  edemic  infiltration  (especially  in  the  thyroid). 

Very  Uttie  is  found  in  the  literature  concerning  the  effect  of 
inanitioQ  upon  the  parath3Toid  glands.  Erdheim  ('03)  finds  in 
the  human  parathyroid  small  droplets  or  granules  of  a  fatty 
nature,  which  increase  in  number  with  age,  and  are  apparently 
independent  of  the  general  nutritive  condition  of  the  body. 

Pepere  ('06)  in  his  extensive  work  on  the  parathyroid  gland 
mentions  briefly  (p.  265)  some  observations  upon  the  effects  of 
inanition  on  the  parathyroid  in  dogs  starved  9  to  27  days,  and 
in  two  himmn  cases  of  death  from  inanition  following  oesopha- 
geal obstruction.  The  parathyroid  is  found  relatively  less  af- 
fected than  any  other  viscera.  In  the  dog  there  is  atrophy  of 
the  parenchyma,  especially  of  the  cytoplasm,  which  becomes 
greatly  reduced  in  amount,  with  vacuolization  and  loss  of  the 
characteristic  granulation.  The  nucleus  is  hyperchromatic. 
In  the  human  parathyroid,  the  effects  of  inanition  are  similar, 
including:  "rimpicciolimento  dei  corpi  cellulari,  diminuite  le 
granulazioni  protoplasmatiche,  scarsissimi'  gh  elementi  cromofih, 
est^e  degenerazioni  idropiche  e  vacuolari  delle  cellule,  assente 
la  colloide."  Thus  Pepere's  observations  upon  the  htmian  and 
canine  parathyroids  are  in  general  agreement  with  my  findings 
in  the  rat,  excepting  that  he  does  not  mention  the  occurrence  of 
(advanced)  pycnosis  or  karyolysis. 

According  to  Thompson  ('06)  the  parathyroids  in  man  cannot 
be  said  to  have  a  distinct  pathology,  although  various  degeneror 
tions  and  other  pathologic  conditions  have  been'  described.  He 
cites  the  work  of  Peterson  and  of  Benjamins,  in  which  paren- 
chymatous atrophy,  hydropic  degeneration,  etc.,  are  shown  to 
occur  frequently  in  the  human  parathyroid. 

Following  the  description  by  Welsh  ('98)  there  are  generally 
described  in  the  parathyroid  of  man  (and  some  of  the  lower  ani- 
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mals)  two  types  of  cells:  (1)  'principal'  cells  described  by  Welsh 
as  having  in  man  "a  relatively  small  and  clear  protoplasmic 
body,  and  a  relativdy  large  and  clear  nucleus."  These  cells 
constitute  the  chief  part  of  the  gland,  and  are  constantly  present. 
(2)  The  'oxyphile'  cells  usually  have  relatively  more  cytoplasm, 
finely  granular  and  sometimes  finely  vacuolized.  The  nucleus  is 
both  relatively  and  absolutely  smaller  than  in  the  'principal' 
cells,  its  outline  more  circular  and  chromatin  more  dense,  "so 
that  no  nuclear  network  can  be  detected  and  the  entire  nuclear 
mass  appears  uniformly  and  deeply  stained."  These  'o^^rphile' 
cells  are  foimd  by  Welsh  in  a  very  large  proportion  of  cases, 
though  not  all,  and  never  so  abimdantly  as  the  'principal'  cells. 
They  never  form  a  large  proportion  of  the  gland,  and  may  occur 
as  small  masses  (often  just  beneath  the  capsule)  or  as  scattered 
cells  throughout  the  gland. 

The  presence  of  these  'oxyphile'  cells  has  been  confirmed  in 
man  and  a  part  (not  all)  of  the  lower  animals.  They  are  gen- 
erally considered  to  represent  cells  in  functional  activity.  Against 
this  view,  however,  is  the  fact  that  they  are  quite  variable  in 
appearance,  and  frequently  absent  altogether  (sometimes  in 
man;  constantly  in  some  of  the  lower  animals,  and  especially  in 
the  youi^). 

Although  I  have  made  no  special  study  of  the  parathyroid  in 
any  other  form,  the  conditions  found  in  the  rat  lead  me  to  sug- 
gest the  possibility  that  these  'oxyphile'  cells  may  represent 
merely  atrophic  types,  with  no  functional  significance.  It  will 
be  noted  that  (although  the  cytoplasm  is  relatively  abundant) 
the  nucleus  of  these  'oxyphile'  cells  as  described  by  Welsh  and 
others  corresponds  closely  with  the  pycnotic  condition  charac- 
,  teristio  of  atrophic,  degenerated  cells,  such  as  are  described  above 
in  the  normal  parathyroid  and  thyroid  glands,  and  are  increased 
in  number  during  inanition.  While  the  evidence  at  hand  is  in- 
sufficient for  a  final  conclusion,  it  seems  to  me  that  this  interpre- 
tation is  a  possibility  which  should  be  kept  in  mind  during  further 
investigation  of  the  matter. 
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8UMMAHY 

The  more  important  results  of  the  present  mvestigation  may 
be  summarized  as  follows. 

In  young  rats  held  at  maintenance  for  several  weeks  (and 
hence  in  a  condition  of  chronic  inanition),  the  histological  changes 
in  the  thyroid  are  varied.  The  foIUcular  epithelium  is  atrophied, 
with  reduction  in  height.  The  nuclei  are  rarely  hypochromatic 
(various  stage  of  karyolysis),  but  hyperchromatosis  is  more 
typical,  the  nuclei  usually  presentii^  some  stage  of  pycnosis. 
In  the  earlier  stages  the  nucleus  may  be  nearly  normal  in  size 
and  structure,  excepting  a  pale,  homogeneous  coloration  of  the 
nuclear  background.  In  more  advanced  stages,  the  nucleus  di- 
minishes in  size,  with  deepened  coloration,  forming  a  dense, 
deeply-staining,  homogeneous  mass  (typical  pycnosis).  In  «c- 
treme  cases  the  nucleus  becomes  fragmented  (karyorrhexis). 
Neither  mitosis  nor  amitosis  is  found. 

The  cytoplasm  is  usually  reduced  in  amount  considerably 
more  than  the  nucleus.  The  cytoplasm  may  show  no  marked 
change  in  structure  (simple  atrophy),  but  usually  becomes  rare- 
fied, with  a  marked  vacuolization  ('hydropic  degeneration')  and 
loss  of  the  normal  grtmulation.  This  is  especially  marked  in 
the  few  cells  where  the  cytoplasm  has  lost  but  little  in  volxmae. 
In  some  cases  the  cytoplasm  may  become  homogeneous  ('col- 
loid' type)  and  in  advanced  stages  may  disintegrate,  forming 
irregular,  deeply-staining  (eosinophile)  masses  of  varied  appear- 
ance. 

The  intrafollicuiar  colloid  may  show  no  abnormal  changes. 
Advanced  stages  of  degeneration  in  the  follicular  epithelium, 
however,  are  accompanied  by  dissolution  imd  disint^ration  of 
the  colloid.  The  colloid  is  often  replaced  by  desquamated  epi- 
thelial cells  in  various  stages  of  degeneration,  and  the  entire 
follicle  may  collapse  into  an  irregular  mass. 

The  interfollicular  connective  tissue  (stroma)  usually  shows 
no  very  marked  change  in  structure,  but  is  often  increased  in 
volume  by  an  infiltration  of  ground  substance,  giving  a  some- 
what edemic  appearance.     On  this  account,  the  whole  thyroid 
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gland  may  show  but  little  less  in  absolute  weight,  although 
there  has  been  a  marked  atrophy  of  the  parenchyma. 

In  the  adult  rats  subjected  to  acute  and  chronic  inanition,  the 
changes  in  the  stnictiire  of  the  thyroid  gland  are  hkewise  varied, 
but  in  general  similar  to  those  found  in  the  younger  rats.  The 
interpretation  of  the  changes  in  the  older  rats  is  more  difficult, 
on  account  of  the  frequent  occurrence  in  the  normal  (control) 
rats  of  degenerative  changes  somewhat  similar  to  those  found  Id 
advanced  stages  of  inanition. 

These  changes,  involving  desquamation  and  degeneration  of 
the  follicular  epithelium,  have  frequently  been  observed  in  the 
thyroids  of  rats  both  normal  and  under  various  abnormal  condi- 
tions. They  also  occur  as  pathological  chaises  in  various 
other  glands.  It  is  su^ested  that  the  similarity  of  these  cell- 
changes  may  possibly  be  due  to  cell-inanition  as  a  common  un- 
derlying factor. 

The  parathyroid  glands  appear  to  be  relatively  larger  in  the 
female.  They  apparently  belong  to  that  group  of  organs  in 
which  growth  persists  in  young  rats,  even  when  held  at  main- 
tenance (constant  body  weight)  by  underfeeding.  In  adult  rats 
during  acute  and  chronic  inanition,  the  reduction  in  the  size  of 
the  parathyroids  is  nearly  proportional  to  that  of  the  body  as  a 
whole. 

In  histolo^cal  structure,  the  parathyroid  gland  is  relatively 
more  resistant  than  the  thyroid  to  inanition.  The  changes  in 
the  structure  of  the  epithelial  cells  are  somewhat  similar  to  those 
described  for  the  thyroid,  though  in  general  less  marked.  In 
many  of  tibe  cells  there  is  apparently  no  decrease  in  the  average 
size,  but  some  (especially  those  degenerated)  show  marked 
shrinkage.  The  nuclei  may  remain  nearly  normal  in  size  and 
structure,  though  usually  exhibiting  various  stages  of  (rarely) 
karyolysis  or  (more  frequently)  karyopycnosis.  No  cell-divi- 
sion is  found.  The  C3^plasm  may  be  either  somewhat  reduced 
in  amount,  sometimes  deeply-staining  ('oxyphile'),  or  may  re- 
main nearly  normal  in  volimie,  with  marked  vacuohzation 
('hydropic  degeneration').    The  stroma  may  remain  normal  in 
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amount,  but  is  occasionally  increased  in  volume  by  infiltration 
of  ground  substance. 

Variations  also  occur  normally  in  the  structure  of  the  para- 
thyroid (though  less  marked  than  in  the  thyroid),  so  that  here 
likewise  caution  must  be  observed  in  drawing  conclusions  as  to 
effects  of  experiments.  The  'oxyphile'  type  of  cell  does  not  ap- 
pear to  be  a  normal  constituent  of  the  parathyroid  gland  in  the 
rat.  However,  some  of  the  degenerated  cells  resemble  in  many 
respects  the  usual  description  of  this  'ox5T>hile'  type,  which 
therefore  may  possibly  represent  an  atrophic  rather  than  a  func- 
tional condition. 
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MINNEAPOLIS 

The  relation  of  anatomy  to  medicine  is  clearly 
recognized.  A  knowledge  of  the  normal  human 
mechanism  is  an  evident  necessity,  if  its  abnor- 
mal conditions  are  to  be  understood  and  con- 
trolled. But  the  human  body  is  something  more 
than  an  ordinary  machine:  it  is  a  machine  with 
a  history.  To  know  the  machine  you  must  know 
its  history.  This  history,  which  includes  all  of 
the  stages  from  the  formation  and  union  of  the 
germ-cells  up  to  the  adult  body,  is  termed  em- 
bryology. 

Embryology  is  therefore  of  grcac  importance 
for  medicine  (1)  because  it  enables  us  to  under- 
stand the  normal  adult  mechanism;  and  (2)  be- 
cause it  furnishes  a  rational  basis  for  the  pre- 
vention or  control  of  abnormalities,  which  may 
arise  at  various  stages.  Let  us  briefly  consider 
each  of  these  reasons. 

The  human  adult  presents  a  mechanism  of 
almost  inconceivable  complexity.  When  we  con- 
sider it  as  a  cell -colony,  however,  it  appears 
greatly  simplified.  And  embryology  forms  a 
chief  support  of  the  cell-theory.  No  matter  how 
large  the  number  of  cells  nor  how  great  their 
modifications  in  the  adult  organism,  we  learn 
through  embryology  that  in  every  case  they  arise 
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ultimately  from  a  single  cell,  the  fertilized  ovum, 
from  wliicVi  by  division  and  differentiation  the 
adult  tissues  and  organs  are  gradually  formed. 
Thus  embryology  may  be  said  to  present  the 
key  to  adult  structure. 

Embryology,  however,  furnishes  the  key,  not 
only  to  the  normal  structure,  but  to  many  ab- 
normalities which  occur.  This  phase  of  embry- 
ology is  especially  important  to  the  physician, 
whose  problem  is  the  prevention  and  control  of 
vital  ■  abnormality,  that  is.  disease.  Now.  the 
factors  which  control  the  development,  normal 
or  abnormal,  of  the  organism  may  be  divided  into 
two  fundamental  groups :  the  intrinsic,  or  heredi- 
tary, and  the  extrinsic,  or  environmental. 

The  intrinsic,  or  hereditary,  factors  are  repre- 
sented by  the  organization  of  the  germ-plasm, 
formed  by  the  union  of  the  paternal  spermato- 
zoon with  the  maternal  ovum.  The  paramount 
importance  of  heredity  in  determining  the  de- 
velopmental process  is  apparent,  though  clearly 
recognized  only  in  recent  times.  The  potency  of 
heredity,  as  compared  with  environment,  in 
moulding  the  destiny  of  living  organisms,  is  now 
a  biological  axiom.  Consider  what  determines 
whether  a  given  ovum  will  develop  into  a  plant 
or  an  animal ;  an  invertebrate  or  a  vertebrate :  a 
fish  or  a  fowl;  a  dog  or  a  man.  In  all  these 
cases  we  must  admit  that  the  primary  character- 
istics of  the  organism  are  determined  by  he- 
redity, and  cannot  be  changed  by  altering  the 
environment.  Even  individual  characteristics, 
such  as  sex.  stature,  pigment  of  skin,  hair  ami 
eyes,  are  also  in  large  measure  similarly  prede- 
termined. 

The  supreme  influence  of  heredity  is  evident 
also  in  the  mental  makeup  of  every  individual. 
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We  know  that,  in  a  general  way,  mental  ability 
and  temperament  are  inherited.  You  are  all 
doubtless  familiar  with  the  ancient  doctrine  of 
the  temperaments,  associated  with  the  "humoral 
pathology,"  which  dates  back  to  the  time  of 
Galen,  or  earlier.  Though  largely  discredited, 
this  doctrine  contains  an  element  of  truth,  as 
would  appear  from  the  recent  investigations  of 
Davenport.  He  sugg^ests  that  there  are  in  the 
germ-plasm  factors  representing  various  grades 
of  hyperkinesia  (calm,  nervous,  choleric)  and  of 
hypokinesis  (cheerful,  phlegmatic,  melancholic). 
These  factors  behave  as  though  in  different 
chromosomes,  and  appear  to  be  inherited  inde- 
pendently, so  they  may  occur  in  any  combination. 
Thus  mental  characteristics,  as  well  ^s  physical 
constitution,  are  largely  determined  by  heredity. 

Heredity  also  plays  an  important  part  in  the 
occurrence  of  disease.  In  some  cases,  defects. 
such  as  CO  lor- blindness  and  congenital  hemo- 
■  philia.  are  undoubtedly  hereditary  in  character. 
This  applies  also  to  a  large  percentage  of  cases 
of  insanity  and  to  many  other  disorders  of  the 
nervous  system  and  sense-organs.  In  the  li-jht 
of  our  present  knowledge,  however,  it  appears 
that  what  is  transmitted  by  heredity  is  usually 
not  the  disease  as  such,  but  constitutional  predis- 
position to  disease. — -for  example,  cancer,  tuber- 
culosis. Evidence  is  accumulating  to  show  that 
the  hereditary  transmission  of  such  predisposition 
(diathesis),  even  in  cases  where  the  immediate 
cause  is  an  environmental  factor,  is  more  impor- 
tant than  has  hitherto  been  generally  realized. 

In  many  cases,  doubtless,  both  heredity  and 
environment  thus  share  as  factors  in  the  pro- 
duction of  disease.  In  the  past,  however,  atten- 
tion has  apparently  been  focussed  too  exclusively 


,d.y  Google 


upon  the  environment  as  the  cause  of  disease. 
Although  this  has  resulted  in  great  progress  in 
the  field  of  the  infectious  diseases,  other  disor- 
ders in  which  the  hereditary  factors  are  more 
prominent  have  been  relatively  neglected.  Thus 
the  practical  importance  of  a  knowledge  of  he- 
redity is  becoming  more  clearly  recognized  as 
essential  to  the  physician ;  indeed,  eujjenics  will 
probably  play  a  large  part  in  the  preventive  medi- 
cine of  the  future.  The  rapid  advances  in  the 
science  of  heredity  are  admirably  presented  in 
the  recent  hook  by  Conklin  on  "Heredity  and  En- 
vironment" (Princeton  University  Press,  1915). 

While  from  the  biological  point  of  view  we 
must  admit  the  predominance  of  the  intrinsic  or 
hereditary  factors,  still  from  the  medical  point  of 
view  we  must  also  recognise  the  great  importance 
of  environment,  especially  in  the  causation  of  dis- 
ease. While  it  is  true  that  the  bounds  of  possi- 
bilities in  development  are  rigidly  set  bv  heredity, 
yet  it  is  equally  true  that  within  these  limits  the  ■ 
process  is  controlled  by  environment.  Since  an 
unfavorable  environment  may,  in  countless  ways 
and  in  various  degrees,  modify,  limit,  retard,  or 
altogether  prevent  the  process  of  development, 
it  might  well  be  argued  that,  from  the  point  of 
view  of  pathology,  environment  is  even  more 
important  than  heredity. 

In  this  connection  we  must  bear  in  mind  that 
environment  is  not  limited  to  postnatal  life.  It  is 
a  fact  not  sufficiently  recognized  that  prenatal 
environment  is  of  even  greater  importance.  We 
sometimes  forget  that  the  individual  begins  its 
existence  not  at  birth  but  as  the  fertilized  ovum. 
And  it  is  pre-eminently  during  the  earlier  stages 
of  development  that  changes  in  the  environment 
are  especially  effective  in  producing  disturbances 
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in  the  delicately  balanced  organism.  The  avail- 
able evidence  indicates  that  practically  all  the 
monstrosities  are  produced  at  this  time  by  changes 
in  the  chemical  or,  more  rarely,  physical  environ- 
ment. These  changes  may  be  due  to  faulty  im- 
plantation of  the  ovum  in  an  unhealthy  uterine 
mucosa,  or  they  may  be  due  to  various  organic  or 
inorganic  toxins  from  the  maternal  circulation. 
Imperfect  respiration  and  nutrition,  on  account 
of  placental  defects,  may  also  play  an  important 
part  in  disturbances  of  the  developmental  proc- 
ess. While,  broadly  speaking,  the  organism  ap- 
parently becomes  more  resistant  as  development 
proceeds,  yet  each  stage  appears  to  have  its  spe- 
cial points  of  weakness  and  liability  to  disorder. 
This  is  well  known  for  the  various  postnatal 
stages  of  infancy,  childhood,  and  puberty:  and 
it  is  probably  equally  true  for  prenatal  stages. 
A  better  knowledge  of  the  developmental  proc- 
ess thus  becomes  a  necessity  for  advancement  in 
prenatal  pathologj'  and  hygiene. 

In  considering  the  process  of  development 
with  the  various  associated  abnormalities,  it  is 
important  to  remember  that  the  essential  features 
are  due  to  changes  in  the  component  tissues  and 
cells.  The  development  of  the  organism  with  its 
complicated  parts  is  merely  the  visible  resultant 
of  the  growth  and  differentiation  going  on  in  its 
myriads  of  constituent  cells. 

These  cell-changes  have  been  summarized  in 
Minot's  doctrine  of  "cytomorphosis,"  according 
to  which  every  cell  during  its  life-history  goes 
successively  through  stages  of  growth  and  dif- 
ferentiation, followed  sooner  or  later  by  degener- 
ation with  cell-death  and  removal.  The  "how" 
and  "why"  of  this  process  of  cell-differentiation 
is  the  fundamental  problem  of  embryology.  What 
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causes  one  embryonic  cell  to  become  a  gland- 
cell,  while  another  becomes  a  muscle-cell  or  a 
bone-cell?  What  makes  cells  divide?  What 
are  the  cell-changes  underlying  the  progressive 
developmental  stages  of  the  embryo,  fetus,  new- 
bom,  infant,  child,  adolescent,  and  adult?  The 
solution  of  these  problems  will  give  us  a  deeper 
insight  into  not  only  the  normal  cell-structure 
and  activity  but  also  the  causes  of  the  various 
types  of  departure  from  the  normal.  We  may 
then  be  able  to  understand  the  arrest  or  distor- 
tion of  the  developmental  cell-processes,  produc- 
ing the  various  organic  defects  and  associated 
functional  derangements.  In  short,  these  funda- 
Unental  biological  and  medical  problems  are  ulti- 
mately and  essentially  cell -problems. 

Associated  with,  and  yet  distinct  from,  the 
process  of  embryonic  differentiation  is  the  process 
of  growth,  a  subject  in  which  I  have  been  espe- 
cially interested.  More  closely  associated  with 
growth  is  the  process  of  cell-division.  Both  cell- 
growth  and  cell-division  are  most  rapid  and  vig- 
orous in  the  early  embryonic  stages,  when  cell- 
differentiation  has  scarcely  begun ;  while  later, 
when  cell-differentiation  becomes  prominent,  the 
processes  of  cell-division  and  cell-growth  become 
progressively  much  slower.  Thus,  while  the 
early  embryo  may  double  its  mass  in  a  few  hours, 
the  growth -rate  decreases  rapidly,  so  that  at 
birth  it  requires  about  five  months  for  the  infant 
to  double  its  weight.  Thereafter  the  growth-rate 
continues  to  decrease,  with  an  exceptional  accel- 
eration at  puberty,  to  zero  in  the  adult. 

The  growth-rate,  however,  is  not  uniform 
throughout  the  whole  body.  In  accordance  with 
what  I  have  termed  the  "law  of  developmental 
direction,"  the   region  of   greatest   intensity   of 
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growth  shifts  in  a  general  cephalocaudal  direc- 
tion. As  a  result,  the  head  region  is  relatively 
largest  in  the  early  embr>'0,  while  the  pelvis  and 
lower  extremities  reach  their  greatest  reSative 
size  in  the  adult.  In  any  given  reeion  of  the 
body  there  is,  furthermore,  a  dorsoventral  path 
of  growth,  the  dorsal  structures  in  general  pre- 
ceding the  ventral  in  development. 

A  further  analysis  reveals  the  fact  that,  even 
in  any  given  region,  there  is  considerable  diver- 
sity of  growth-rate  in  the  various  organs.  Each 
has  its  own  characteristic  curve  of  growth.  Some 
oi^ns  {brain,  liver,  suprarenals)  reach  their 
maximum  relative  size  in  the  embryo;  other 
(kidney,  spleen)  later  in  the  fetus;  while  still 
others  (musculature)  may  not  reach  their  rela- 
tive maximum  until  in  the  adult  stage.  Similarly, 
within  each  organ  we  find  varying  growth-rates 
in  the  component  parts,  tissues,  and  cells  at  dif- 
rent  stages. 

Moreover,  the  normal  growth-rates  of  the 
various  tissues  and  organs  are  changed  in  char- 
acteristic ways  under  abnormal  conditions.  I 
have  recently  studied  the  effects  of  inanition 
upon  the  growth  of  the  body  and  of  the  various 
organs  of  the  white  rat.  When  weaned,  at  the 
age  of  three  weeks,  the  rats  were  put  on  a  re- 
stricted diet,  and  held  at  nearly  constant  body- 
weight  for  several  weeks  or  months,  until  the 
control  rats  on  full  diet  were  about  half-grown.  ■ 
In  the  retarded  rats,  the  growth-power  is  not 
lost,  but  merely  suspended ;  for  on  re-feeding 
they  grow  rapidly,  at  a  rate  even  above  the  nor- 
mal, so  they  soon  overtake  the  controls.  Wheth- 
er it  is  possible  to  carry  the  process  of  sta^^'ation 
to  a  point  where  no  growth  results  on  re-feeding 
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is  uncertain,  although  Aron  has  apparently  ob- 
tained permanent  stunting  in  this  way. 

In  young  rats  thus  held  at  constant  body- 
weight,  the  effects  differ  greatly  upon  the  differ- 
ent organs  and  systems.  Some  organs  (skin, 
spleen,  thymus)  lose  markedly  in  weight;  oth- 
ers (musculature  and  most  of  the  viscera)  re- 
main nearly  stationary ;  while  in  a  third  group 
(including  skeleton,  spinal  cord,  and  eyeballs) 
the  growth- impulse  is  so  strong  that  they  in- 
crease in  weight  at  the  expense  of  other  oi^^ns, 
even  when  the  body-weight  is  held  constant.  The 
practical  bearings  of  these  results  are  obvious, 
since  similar  relations  probably  obtain  in  the  hu- 
man species.  While  much  of  importance  is 
known,  far  more  remains  to  be  discovered  con- 
cerning the  whole  process  of  development,  from 
ovum  to  adult,  before  we  can  be  fully  prepared 
to  detect  and  control  abnormal  conditions. 

Admitting  the  necessity  for  further  research 
in  the  field  of  embryology,  the  question  arises  as 
to  the  best  method  by  which  this  may  be  accom- 
plished. Here,  as  in  science  generally,  we  may 
follow  either  of  two  methods :  the  descriptive 
method,  by  which  we  observe  the  phenomena  as 
they  occur  in  nature ;  or  the  experimental  meth- 
od, by  which  we  attempt  to  get  a  deeper  insight 
into  the  phenomena  by  varying  the  conditions 
and  observing  the  effect.  Each  method  has  its 
advantages  and  its  limitations.  Generally  speak- 
ing, science  progresses  most  rapidly  by  utilizing 
a  combination  or  alternation  of  the  two.  The 
descriptive  method  reveals  the  phenomena :  the 
experimental  method  gives  insight  into  their  na- 
ture and  cause.  Thus  in  descriptive  embryology 
we  learn  the  morphology  of  the  organism  and  its 
constituent  parts  at  various  stages  of  develop- 
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ment.  With  this  knowledge  as  a  basis,  by  ex- 
perimental embryolog>-  we  seek  to  learn  more  of 
the  significance  of  these  phenomena,  their  cause 
and  methods  of  control.  In  experimental  em- 
bryology, the  results  are  often  more  brilliant,  and 
the  future  possibilities  are  very  promising-;  but 
very  much  yet  remains  to  be  done  in  the  field  of 
purely  descriptive  embryology.  Even  among  the 
lower  forms,  where  abundant  material  is  easily 
obtained,  many  important  stages  are  yet  unde- 
scribed. 

In  human  embryology,  the  gaps  in  our  knowl- 
edge are  even  wider  and  more  numerous,  as  one 
may  realize  in  looking  through  the  excellent  re- 
cent manual  by  Keibel  and  Mall.  In  many  cases, 
the  earlier  stages  of  organogenesis  and  histo- 
genesis have  been  fairly  carefully  worked  out, 
and  the  adult  structure  is  well  known,  while  the 
intermediate  changes  in  the  fetus  and  child  re- 
main undiscovered.  My  colleague,  Professor 
Scammon,  is  especially  interested  in  this  interme- 
diate field,  and  has  organized  a  much-needed 
course  in  "Fetal  and  Newborn  Anatomy"  for 
advanced  and  graduate  students.  In  general,  it 
may  be  said  without  exaggeration  that  with  ade- 
quate materia!  almost  every  phase  of  human  em- 
bryology could  be  studied  or  restudied  with  great 
profit  to  biology  in  general  and  to  medicine  in 
particular. 

Lack  of  adequate  material  is  perhaps  the 
greatest  drawback  to  progress  in  embryology  at 
present.  There  ought  to  be  a  great  collection  of 
embryos  available  for  study  at  every  university. 
There  are,  however,  at  present  but  three  or  four 
noteworthy  collections  in  this  country.  The  col- 
lection of  human  embryos  by  Professor  Mall  at 
Johns  Hopkins  and  that  of  vertebrate  embryos  by 
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the  late  Professor  Miiiot  at  Harvard  are  the 
largest  and  best  of  their  kind  in  the  world,  and 
have  been  of  great  service.  At  the  University 
of  Minnesota  we  have  made  (largely  through 
the  efforts  of  my  colleague.  Professor  Lee}  a 
fairly  good  beginning,  with  a  collection  in  bolh 
human  and  comparative  embryology. 

In  the  comparative  collection,  we  have  now 
579  sectioned  embryos  of  various  species  in  dif- 
ferent stages.  They  are  all  cut  in  serial  sections, 
stained,  and  mounted  ready  for  study.  The  fol- 
lowing list  indicates  the  forms,  with  the  number 
of  series  available  at  present  in  each: 

Fishes : 

*        Petromyzon   33 

Squalus    27 

Amia 51 

Ameiurus    10 

Salmo    3 

Micropterus 18 

Amphibians : 

Amblystoma 80 

Necturus   11 

Rana    40 

Bufo    19 

Hyla    17 

Reptiles : 

Tropidonotus    5 

Vipera    4 

Anguis    3 

Lacerta    14 

Chelydra 18 

Chrysemys    1 

Birds : 
Galltis    76 
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Mammals: 

Mus  (norv.)    3 

Sus    120 

Ovis    4 

Lqius  2 

In  the  department  collection  of  human  em- 
bryos, we  have  at  present  about  300  specimens. 
including  various  stages  from  the  earliest  up  to 
full  term.  Of  these,  75  have  been  selected  and 
cut  into  serial  microscopic  sections,  as  indicated 
in  the  following  table.  Following  the  number, 
m^  male;  f^  female.  The  length  is  the  crown- 
rump  length  in  millimeters.  The  thickness  of 
the  sections  is  given  in  micra.  The  letter  t  indi- 
cates that  the  sections  are  cut  in  the  transverse 
plane ;  s,  sagittal ;  and  c,  coronal. 

In  addition  to  the  general  department  collec- 
tion, I  may  mention  also  certain  special  collec- 
tions made  by  members  of  the  staff  and  equally 
available  to  others  for  purposes  of  research. 
Professor  Scammon  has  a  series  of  about  60 
Elasmobranch  embryos,  representing  9  species, 
of  various  stages  in  serial  sections.  Professor 
Lee  has  collected  a  series  of  about  400  mamma- 
lian embryos,  chiefly  rodents,  representing  15 
genera,  mostly  early  stages  cut  in  situ  with 
uterus,  and  especially  valuable  for  investigation 
of  the  early  embryo,  implantation,  membranes. 
etc.  Professor  Johnston  has  an  extensive  neu-  i 
rological  collection,  including  about  200  sec- 
tioned embryos  of  fishes  and  amphibians  (Amia. 
Ameiurus,  I^pidosteus,  and  Aniblystoma),  also 
a  series  including  IS  stages  in  the  development 
of  the  human  brain  (Flechsig's  method)  up  to 
the  new-born. 

I  take  this  occasion  to  thank  most  heartily  the 
15 
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numerous  physicians  who  have  kindly  contributed 
the  specimens  in  this  collection.  Permit  me  to 
point  out  to  you  that  here  is  an  excellent  oppor- 
tunity for  the  physician  to  render  a  valuable  aid 
by  preserving  and  forwarding  to  the  laboratory 
any  specimens  which  he  may  obtain.  The  labor- 
atory man  is  not  in  medical  practice,  so  the  prog- 
ress of  our  knowledge  of  human  embryology  de- 
pends largely  upon  the  interest  and  co-operation 
of  the  practitioner.  All  specimens,  normal  or 
abnormal,  will  be  gratefully  received,  and  placed 
in  the  collection.  Containers  with  preservini; 
fluid  (10  per  cent  formalin  is  best  for  general 
purposes)  and  return  postage  will  be  sent  upon 
request.  A  brief  clinical  history,  including  the 
last  menstrual  date,  is  urgently  requested,  and 
will  add  greatly  to  the  value  of  the  specimen. 
We  will  gladly  make  report  if  desired  as  to  the 
probable  age  of  the  embryo,  pathological  condi- 
tion, etc. 

The  collection  is  rapidly  growing,  and  with 
your  co-operation  we  hope  to  make  it  equal  to 
the  best.  Our  laboratory  is  always  open  to  an> 
of  you  who  may  desire  to  use  its  collections  and 
other  facilities  for  research,  and  we  will  also  upon 
request  loan  the  specimens  to  any  qualified  in- 
vestigator for  study  elsewhere.  It  is  our  hope 
that  in  this  way  the  collection  may  serve  a  vahi 
able  purpose  in  promoting  research  work  in  em- 
bryology, and  thereby  contribute  to  the  advance- 
ment of  medicine. 

DISCUSSION 

Dk,  T,  G.  Lee  (Minneapolis)  :  Dr.  Jackson  has  cov- 
ered tlie  general  scope  of  the  lopic  under  discussion  sn 
thoroughly  and  so  well  that  Utile  remains  to  he  added. 

In  the  same  way  that  the  older  ideas  regarding  the 
structure  o(  the  body,  dating  hack  to  fhe  lime  ot  Galen. 
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were  revolu lionised  and  purely  theoretical  considera- 
tions replaced  by  iact,  due  to  the  work  of  Vesalius  and 
his  successors,  bo  in  more  recent  times  it  is  through  the 
youngest  daughter  of  Anatomy,  namely,  Embryology, 
that  we  are  at  last  coming  to  a  proper  understanding  and 
interpretation  of  the  mass  of  data  which  has  accumulated 
relating  to  the  structure  of  the  human  body, — man's 
place  in  nature,  his  relationship  to  other  forms  of  life, 
and  many  of  the  otherwise  obscure  problems  of  physiol- 


ogy and  pathology. 

Embryology  i 
hundred   years    (1827) 
foundation  of  moder 


ience.  It  is  less  than  one 
Karl  von  Baer  laid  the 
mbryology  in  his  classical  work 
1  which  he  said  that  "Embryology  is  the  torch  bearer 
study  of  all  organic  forms."  The  truth  of  that 
t  has  become  year  by  year  more  certain.  For 
years  embryology  did  not  form  a  detinite  part  of  the 
medical -school  curriculum ;  and,  when  it  was  studied, 
the  chick  was  the  form  coitmionly  used.  This  was 
natural.  Collections  of  mammalian  embryos  were  to  be 
found  in  but  few  laboratories,  and  human  embryonic 
series  were  still  more  rare.  Two  method.s  of  study 
have  been  employed :  one,  that  of  tracing  out  step  by 
step  the  formation  and  growth  of  organs  and  body  of  a 
selected  type  as  chick,  frog,  etc.;  the  other  method,  that 
of  tracing  the  development  of  a  given  organ  or  part  in 
as  many  dilTerenl  forms  as  possible  a!l  through  the 
vertebrate  scale.  Both  methods  have  yielded  splendid 
contributions  to  our  knowledge  of  the  subject,  and  shed 
much  light  on  human  development.  We  mu';!  not  for- 
get that  there  still  remain  very  important  gaps  in  our 
observational  knowledge  of  human  growth :  no  one  has 
yet  seen  segmenting  human  ova.  (he  details  of  the  pas- 
sage into  the  uterine  cavity  and  im plana ti on  of  ovum. 
the  differentiation  of  .the  germ  layers,  the  formation  oE 
the  fetal  envelopes,  and  other  important  facts  are  still 
unrecorded  for  the  human  subject.  Thus  we  are  still  de- 
pendent on  comparative  material.  Until  some  fifteen 
years  ago  it  was  supposed  that  the  human  ovum  at- 
tached itself  to  the  surface  of  the  uterine  mucous  mem- 
brane, and  then  placentation  was  origitwted ;  hut  by 
the  rare  good  fortime  of  being  able  to  make  an  imme- 
diate autopsy  on  a  girl  who  suicided  in  a  Viennese  Hos- 
pital, Dr.  Peter.s  was  able  to  secure  what  was  at  that 
time  the  youngest  known  human  embryo.  This  speci- 
17 
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men  demonstrated  that  the  previously  held  view  of  the 
formation  of  the  placenta  was  erroneous,  and,  instead. 
that  the  ovum  perforated  the  epithehal  layer  and  formed 
a  new  decidual  cavity  in  the  uterine  connective  tissue. 
Emtiryolo);i5ls  at  once  saw  that  here  was  ^^omething 
similar  to  the  previously  described  method  of  implanta- 
lion  of  the  ovum  in  the  giiinea'pig.  which  was  unique 
for  mammals  as  then  known,  and  thai  in  all  probability 
the  guinea-pig  would  throw  light  on  the  unknown  steps 
in  man.  This  illustrates  the  importance  of  the  study  of 
other  forms  as  applied  to  human  development.  Since 
then  it  has  been  our  itood  fortune  'o  hnd  two  other 
mammals  with  this  same  type  of  implantation 

If  we  are  ever  to  be  free  from  our  dependence  on  the 
study  of  other  animal  forms  in  leaching  human  em- 
bryology, it  will  be  when  the  profession  realii^e  that 
the  laboratory  men  are  entirely  dependent  on  them  for 
the  needed  material.  Thousands  of  embryos  are  lost 
every  year,  which,  if  saved,  would  aid  in  solving  many 
of  the  still  unknown  or  un.setlled  problems  of  human 
development. 

Dr.  Jackson  has  pointed  out  many  of  the  important 
applications  of  embryology  to  medicine,  and  Dr.  Wilson, 
who  follows  me,  will  be  able  to  give  numerous  example 
of  the  importance  of  a  knowledge  of  embryology  in 
surgery  and  pathology. 

The  question  that  has  been  repeatedly  put  to  each  of 
yon  here  by  some  anxious  parent  has  been,  "'Is  it  a  boy 
or  a  girl?"  Many  of  you  have  had  put  to  yon  that 
other  question  by  an  anxious  patient,  "Will  it  be  a  boy 
or  a  girl?"  The  laboratory  man  is  constantly  asking 
himself,  "Why  and  how  does  it  become  a  boy  or  a 
girl ?" 

We  all  grow  from  'i  single  microscopic  cell.  We  all 
change  from  a  common  indifferent  stage  to  one  or  the 
other  sex  for  reasons  still  unknown.  These  and  many 
other  important  problems  in  medicine  can  be  at  lasl 
solved  by  the  laboratory  worker,  if  you  will  do  your 
duly,  and  furnish  him  with  (he  needed  material. 

Dr.  L.  B.  Wilson  (Rochester)  :  We  are  all  inclined 
to  think  of  the  embryologist  as  a  man  surrounded  with 
subject  matter  that  is  very  dead.  But,  if  we  could 
attend  the  annual  meeting  of  the  Association  of  Ameri- 
can Anatomists, — for  there  is  reported  the  work  of  the 
embryologists, — we  would  find  their  studies  very  much 
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alive.    The  reason  for  this  lies  largely  in  the  fact  that 
the  embryologists  are  going  back  to  the  beginning  of 

A  great  many  theories  in  medicine  are  based  upon 
supposed  facts  that  are  clearly  "hot  air."  As  a  profes- 
sion we  are  stiil  taking  our  hats  off  to  many  that  have 
absolutely  no  basis  in  fact.  And  many  of  us  are  in- 
capable of  determining  whether  the  support  of  the 
theories  we  approve  of  are  facts  or  not.  So  far  as 
morphokigy  is  concerned  the  anatomist  and  embryologist 
is  capable  of  making  such  a  determination,  and  he  is 
doing  so  with  a  high  degree  of  accuracy. 

What  are  we,  as  a  profession,  doing  to  aid  in  his 
work?  The  truth,  which  Dr.  Lee  tells  us,  is  most  re- 
grettable, that  never  yet  has  there  been  placed  in  a 
scientific  collection  a  human  embryo  in  the  earliest 
stages  of  development.  Gentlemen,  we  are  hke  South 
.African  savages  feeding  diamonds  to  their  pet  ostriches. 
We  have  thrown  away  thousands  of  the  finest  embryo- 
logic  specimens.  We  should  at  least  sufficiently  feel  our 
responsibilities  to  the  science  of  medicine  to  save  the 
embryologic  material  that  we  are  now  destroying.  That 
is  the  plea  Dr.  Jackson  is  making  to  the  medical  profes- 
sion in  Minnesota,  and  I  wish  to  second  that  plea  tn  the 
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EVIDENCE  OF  A  MOTOR  PALLIUM  IN  THE  FORE- 
BRAIN  OF  REPTILES' 

J.   B,  JOHNSTON 

University  of  Minneaota 
ONE  noDBi: 

At  the  title  indicatea,  the  purpose  of  this  note  ia  not  to  describe 
the  structure  of  the  reptihan  motor  cortex  nor  to  discuss  the 
localization  of  function  within  this  area.  The  purpose  ia  only 
to  give  such  evidence  as  is  now  at  hand  that  a  specialized  area 
comparable  to  the  mammalian  motor  cortex  probably  exists 
in  the  reptilian  brain  and  to  indicate  the  general  position  and 
extent  of  this  area. 

The  writer  has  indicated  in  a  previous  paper  ('15  b)  that  the 
rostral  portion  of  the  dorsal  pallium  in  the  turtle  differs  structur- 
ally from  the  rest  and  has  suggested  the  possibility  that  this 
area  may  correspond  to  the  motor  cortical  area  in  the  mammalian 
brain. 

This  hypothesis  is  being  tested  by  degeneration  methods  and 
by  cortical  stimulation.  Sufficiently  definite  results  have  been 
obtained  by  the  latter  method  to  indicate  that  motor  and  sensory 
fields  can  be  distinguished  in  the  reptilian  pallium. 

Three  species  of  turtle  (Chelydra  serpentina,  Cistudo  Carolina, 
and  Chrysemys  marginata)  and  one  lizard  (Gerrhonotus)  have 
been  studied.  Two  methods  of  stimulation  were  used :  induction 
shocks  with  two-point  electrodes,  the  two  points  closely  approxi- 
mated; induction  shocks  with  one  point  electrode,  the  second 
electrode  being  formed  by  a  copper  plate  covered  with  moist 
cloth  on  which  the  body  of  the  animal  rested. 

An  important  factor  in  the  experiments  is  the  degree  of  anaes- 
thesia employed.  The  clearest  results  have  been  obtained  with 
very  deep  anaesthesia.  Some  of  the  turtles  were  given  a  dose 
of  morphine  by  hypodermic  injection,  and  all  were  anaesthet- 

'  Neurological  Studies,  University  of  Minnesota,  no.  22,  June  39,  1916. 
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ized  by  means  of  ehloroform  placed  on  cotton  in  the  mouth  or 
injected  directly  into  the  trachea  or  both.  Although  the  resist- 
ance of  these  animals  was  well  known,  in  several  cases  the 
anaesthesia  was  not  carried  far  enough  and  the  reactions  to 
cortical  stimulation  were  prolonged  contractions  of  neck  muscles 
or  struggUng  movements  of  the  limbs  indicative  of  pain.  In 
these  cases  occasional  responses,  as  of  the  eye  muscles  or  temporal 
muscle,  appeared  to  be  due  to  local  excitation  of  the  cortex  but 
the  more  extensive  and  prolonged  movements  were  elicited  from 
any  part  of  the  cortex  and  were  not  distinguishable  from  the 
responses  to  stimulation  of  the  dura  mater,  the  lower  brain 
regions  or  even  the  tissues  exposed  in  the  head.  Under  con- 
ditions of  deep  anaesthesia  the  responses  consisted  of  contraction 
of  a  small  set  of  muscles,  and  of  short  duration,  and  these  were 
obtained  from  a  certain  region  of  the  pallium  only.  The  lizards 
are  not  so  difficiilt  to  anaesthetize,  but  long  continued  appli- 
cation of  chloroform  ia  necessary  (one  and  a  half  to  two  hours 
in  a  closed  dish  containing  a  wad  of  cotton  wet  in  chloroform). 
Another  factor  presenting  difficulty  is  the  small  size  of  the 
brain  in  these  animals.  This  makes  it  necessary  to  use  a  single 
point  electrode  or  to  have  the  two  points  very  close  together. 
It  is  of  the  greatest  importance  that  the  meninges  be  carefully 
removed  from  the  whole  hemisphere  and  that  the  brain  and 
siUToundii^  tissues  be  kept  as  dry  as  possible  without  injury 
to  the  brain  tissue.  If  the  electrode  comes  too  close  to  the  dura 
mater  or  if  fluid  facilitates  the  spread  of  the  current  to  the  dura, 
the  muscles,  thalamus  or  midbrain,  the  results  are  vitiated 
because  of  responses  coming  from  two  or  more  sources  of  stimu- 
lation. The  responses  which  follow  stimulation  of  the  dura  or 
brain  stem  are  very  different  from  those  produced  by  cortical 
excitation,  being  usually  more  vigorous  and  prolonged  as  well 
as  more  extensive.  In  the  lizards  and  in  several  turtles,  after 
the  diu-a  was  laid  back  and  the  olfactory  and  optic  connections 
were  cut,  the  entire  forebrain  was  raised  out  of  the  skull  so  aa 
to  be  free  from  contact  with  other  tissues.  Under  these  con- 
ditions the  entire  surface  of  the  hemisphere  was  explored  with 
the  electrodes. 
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With  the  induced  current  minimal  stimuli  were  applied  at 
first  and  increased  later  in  the  experiment  when  it  became 
necessary  in  order  to  obtain  responses.  In  many  cases  the 
brain  fatigued  quickly  and  in  some  it  recovered  with  equal 
promptness.  Individuals  differed  greatly  as  to  the  recovery. 
Often  when  the  strength  of  stimulus  was  increased  struggling 
movements  resulted  and  the  experiment  had  to  be  discontinued. 
In  some  cases  also,  the  animals  gave  definitely  localized  responses 
to  the  first  stimulation  and  later,  probably  because  of  recovery 
from  the  anaesthesia,  gave  irregular  and  proloi^ed  reactions. 

CORTICAL  REACTIONS  IN  TURTLES 
If  we  take  into  accoxmt  onfy  the  short  contraction  of  restricted 
groups  of  muscles,  the  following  parts  of  the  hemisphere  have 
been  found  to  give  muscular  responses:  dorsal  surface  of  the 
olfactory  bulb,  retraction  of  the  neck,  extension  of  the  legs, 
movements  of  eyeball  and  eyelid;  dorsal  surface  of  pallium  near 
olfactory  peduncle  and  lateral  border  of  pallium  in  the  anterior 
one-half  or  two-thirds  of  hemisphere,  movements  of  eyes,  jaw, 
neck,  legs  and  tail;  striatal  area,  movements  of  all  parts.  No 
responses  were  obtained  from  any  other  part  of  the  dorsal  sur- 
face or  the  medial  wall  or  from  the  tuberculum  olfactorium,  the 
amygdaloid  eminence  or  elsewhere,  except  that  contractions 
typical  of  thalamic  stimulation  were  sometimes  obtained  when 
the  caudal  pole  or  amygdaloid  eminence  was  being  explored. 
These  were  probably  due  to  spread  of  current  to  the  thalamus. 
The  responses  from  the  striatal  area  were  presumably  due  to 
the  direct  stimulation  of  descending  fibers  in  the  cms.  The 
responses  from  the  olfactory  bulb  may  be  due  to  the  close  proxim- 
ity of  the  'motor  area'  which  is  indeed  overlapped  by  the  caudal 
border  of  the  olfactory  formation.  Thus  it  appears  that  a 
somewhat  comma-shaped  area  involving  the  rostral  and  lateral 
borders  of  the  general  pallium  (fig.  1)  may  be  regarded  as  a 
motor  area  in  the  turtle's  palliimi.  This  area  corresponds  roughly 
to  the  'pallial  thickening'  described  in  a  previous  paper  ('15  b). 
Not  enough  experiments  have  been  conducted  under  uniform 
conditions  to  furnish  a  basis  for  the  discussion  of  localization 
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within  this  area.  As  the  whole  area  is  only  a  few  millimeters  in 
extent,  it  is  obvioua  that  great  care  must  be  exercised  in  accepting 
as  conclusive  any  apparent  indications  of  special  function  of 
particular  parts  of  this  area.  For  this  reason  I  mention  only 
tentatively  and  with  reserve  that  leg  movements  have  been 
obtained  most  often  from  the  anterior  part  of  this  area  and  eye, 
jaw  and  neck  movements  from  the  lateral  portion.  Further 
experiments  will  be  made  to  determine  whether  a  localizatioQ 
within  the  motor  area  clearly  exists.     In  certain  experiments 


Fig.  1  Sketches  of  the  dorsal  surface  of  the  right  hemisphere  of  the  turtle 
Heft)  and  liiard  (right)  on  which  the  motor  area  is  shaded. 

the  eye  and  jaw  movements  were  homolateral  only  or  more 
frequently,  while  the  neck  and  leg  movements  were  mostly 
heterolateral. 

Excitation  of  the  dorsal  ventricular  ridge  in  the  turtle  was 
carried  out  by  cutting  away  the  whole  dorsal  palUiim  and  apply- 
ing the  electrodes  to  the  ventricular  surface  of  the  ridge.  Muscu- 
lar responses  were  often  obtained,  such  as  retraction  of  the  eye- 
ball, contraction  of  temporal  muscle  and  twitching  of  fore  leg, 
but  there  is  the  double  danger  of  spread  of  stimulus  to  the 
closely  adjacent  pallial  thickening  and  of  stimulation  of  the 
underlying  cms. 
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MOTOR  RESPONSES  IN  THE  LIZARD 

Only  four  ammals  have  been  examined,  two  of  which  gave 
much  clearer  and  more  definite  results  than  those  obtained  from 
most  of  the  turtles.  From  the  area  shown  in  the  accompany- 
ing sketch  one  animal  gave  movements  of  the  fore  leg,  jaw  and 
eye  muscles,  neck  and  throat  muscles,  and  anterior  body  muscula- 
ture. Stimulation  of  the  olfactory  tubercle  also  caused  contrac- 
tion of  small  muscles  in  the  throat,  which  was  felt  as  the  head 
was  held  in  the  fingers.  Stimulation  of  the  cms  in  the  striatal 
area  produced  movements  of  legs  and  body  muscles.  Move- 
ments of  the  fore  leg  were  regularly  heterolateral,  although 
homolateral  movements  occurred  occasionally.  Just  the  op- 
posite was  true  of  the  eye  and  jaw  muscles.  The  other  animal 
responded  to  stimulation  of  the  anterior  part  of  this  area  by 
strong  contraction  of  pelvic  muscles  and  movements  of  the  hind 
legs  and  by  weak  movements  of  the  fore  legs.  Stimulation  of 
the  lateral  border  of  the  right  paUium  in  this  animal  produced 
a  definite  torsion  of  the  fore  part  of  the  body. 

Gerrhonotus  is  a  rather  large  lizard  and  its  brain  is  fairly 
satisfactory  to  work  with.  The  results  in  these  two  cases  were 
so  definite  that  I  regard  them  as  strong  evidence  that  a  motor 
area  exists  in  the  lizard  pallium  essentially  similar  in  position 
and  extent  to  that  in  the  turtle. 

Early  in  my  studies  I  examined  the  brain  of  a  single  specimen 
of  Alligator  about  a  foot  and  a  half  in  length,  and  obtained 
motor  responses  from  the  anterior  part  of  the  dorsal  pallium, 
but  I  have  no  written  record  of  this  experiment. 

From  these  experiments,  together  with  the  study  of  the  struc- 
ture of  the  hemisphere  aheady  reported,  I  am  strongly  inclined 
to  believe  not  only  that  reptiles  possess  a  general  or  somatic 
pallium  which  has  been  in  dispute  until  recently,  but  also  that 
in  that  pallium  are  to  be  distinguished  definite  sensory  and  motor 
areas  in  the  sense  in  which  those  terms  are  commonly  used  of 
the  mammalian  pallium.  LocaUzation  within  these  areas  and 
the  significance  of  these  areas  in  the  evolution  of  the  mammalian 
pallium  are  subjects  for  further  study. 
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THE  DEVELOPMENT  OF  THE  DORSAL  VENTRIC- 
ULAR RIDGE   IN   TURTLES' 
J.  B.  JOHNSTON 
Vmeenity  of  Mirmetota 
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In  the  adult  turtle  (Johnston,  '15  b)  the  lai^e  ridge  project- 
ing into  the  ventricle  from  the  lateral  wall  of  the  hemisphere 
has  strong  fiber  connections  with  the  cerebral  pedimcle  and 
has  obvious  close  relations  with  the  cortical  layers  of  the  palUiun 
in  the  caudal  pole.  Indeed,  in  its  caudal  part  this  ridge  appears 
to  be  a  fold  of  the  whole  thickness  of  the  brain  wall  and  is 
marked  externally  by  the  'amygdaloid  fissiu^.'  Here  the  cell 
layers  of  the  general  pallium  turn  in  to  become  continuous  with 
the  cell  masses  of  the  ridge.  It  is  evident  from  these  facts  thai 
the  relations  of  the  dorsal  ventricular  ridge  are  chiefly  with  the 
general  pallium.  Its  position  lateral  and  dorsal  to  both  the 
caudate  and  lentiform  nuclei  shows  that  it  does  not  belong 
to  the  corpus  striatum.  Its  independence  from  other  cell 
masses  in  its  rostral  part  gives  one  the  impression  (from  the 
study  of  adult  material  alone),  that  the  ridge  has  been  formed 
by  infolding  from  the  caudal  region  ('15  b,  p.  417). 

The  origin  of  this  ridge  in  the  embryo  should  throw  light 
not  only  on  its  relations  in  the  turtle  but  also  on  its  significance 
in  the  evolution  of  the  mammalian  brain.  I  am  able  to  ^ve 
the  main  outlines  of  the  development  on  the  basis  of  a  series 
of  early  embryos  of  Chelydra  serpentina,  for  which  I  am  in- 
debted to  Dr.  C.  -E.  Johnson  of  tiu&  University;  and.  of  sec- 
tions of  17,  20,  and  28  mm.  embryos  of  Chrysemys,  belonging 
to  the  Anatomical  Laboratory  of  Washii^ton  University  for 
the  loan  of  which  I  am  indebted  to  Dr.  Edwin  A.  Baumgartner. 

'  Neurological  Studies,  University  of  Minnesota.    No.  23,  July  1,  19ie. 
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The  material  in  both  cases  was  beautifully  sectioned  and  stained. 
The  brains  of  freshwater  turtles  are  so  similar  that  the  younger 
stages  of  Chelydra  can  be  readily  compared  with  the  later  st^ea 
of  Chrysemya  for  the  rather  general  purposes  of  this  study. 


Broadly  speaking,  three  periods  are  to  be  recognized  in  the 
development  of  cell  masses  in  the  telencephalon:  a  period  of 
evagiimtion  of  the  hemispheres  and  formation  of  indifferent 
cells  by  mitosis  of  the  germinal  cells;  a  period  of  form  changes 
and  further  proliferation  of  cells  in  which  the  successive  forma- 
tion of  fimctionally  ind  pendent  cell  masses  is  noticeable;  and 
a  period  during  which  the  growth  of  fiber  bundles  and  other 
factors  brii^  about  the  definitive  form  of  the  adult  cell  masses. 

In  the  first,  period  the  wall  of  the  telencephalon  consists  of 
a  deep  layer  of  spongioblasts  and  dividing  germinal  cells,  a 
thick  layer  of  indifferent  cells  and  a  superficial  clear  layer  or 
marginal  veil  of  very  varying  thickness.  The  thickest  part 
of  the  marginal  veil  forms  the  floor  of  the  groove  along  the 
lower  border  of  the  hemisphere,  at  its  junction  with  the  brain 
stem.  This  is  the  coiu^e  of  the  future  lateral  forebrain  bundle 
or  cms  cerebri.  The  indifferent  cells  form  a  continuous  layer 
with  no  indication  of  individual  masses. 

The  second  period  b^ns  with  the  appearance  of  independent 
cell  masses  separated  by  cell-free  zones  which  show  in  sections 
as  clear  lines  or  areas.  Such  celi-free  zones  in  adult  brains  have 
been  conunonly  regarded  as  boundary  lines  between  individual 
cell  masses  which  are  presumed  to  have  different  functions; 
i.e.,  centers  or  nuclei.  Similar  celi-free  zones  in  the  brains  of 
lower  vertebrates  have  been  used  in  recent  years  as  landmarks 
between  important  morphological  regions,  as  the  pallial  and 
basal  areas.  The  writer  has  pointed  out  the  need  of  caution 
in  interpreting  these  zones  in  this  connection  ('13  b,  p.  382). 
It  is  now  to  be  noted  that  the  formation  of  individual  masses 
of  cells  is  dependent  upon  the  proliferation  of  cells  from  differ- 
ent regions  of  the  germinal  cell  layer  and  upon  the  proliferation 
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of  cella  at  successive  perioda  of  development.  Thus  the  pro- 
liferation of  cells  in  the  dorsal  wait  gives  rise  to  pallium,  that  in 
the  baaai  wall  ^vea  rise  to  various  olfactory  centers,  corpus 
striatimi,  etc.  Also,  certain  centers  owe  their  or^in  to  the 
proliferation  of  cells  in  an  early  stage,  other  centers  to  prolifera- 
tion in  later  stages.  The  former  come  to  lie  superficial  to  the 
latter  and  the  two  are  separated  by  cell-free  zones.  A  further 
factor  is  the  shifting  or  spreading  of  cell  masses,  whether  due 
to  cell-migration  or  to  mechanical  forces.  These  several  fac- 
tors must  be  taken  into  account  in  any  attempt  to  use  the  em- 
bryological  method  in  the  study  of  the  significance  of  cell-group- 
ing in  the  brain. 

chelydra"  serpentina 

In  the  oldest  Chelydra  embryo  studied,  it  is  possible  to  recog- 
nize several  of  the  important  cell  masses  and  fiber  bundles  of 
the  telencephalon  and  in  part  the  boundary  lines  between  pal- 
lial  and  basal  areas.  Examination  of  the  model  (figs.  1,  2)  and 
of  sections  (figs.  6  to  14)  shows  that  the  telencephalon  and  dien- 
cephalon  are  narrow  from  side  to  side  and  high  dorso-ventrally. 
The  hemisphere  is  a  simple  sac  which  projects  much  farther 
rostrad  than  caudad.  The  interventricidar  foramen  is  still 
very  large.  Behind  it,  the  thin  wall  which  represents  the  choroid 
plexus  extends  nearly  half  way  to  the  caudal  pole.  This  stage 
illustrates  very  clearly,  both  in  its  general  form  and  its  inter- 
nal structure,  how  much  the  rostral  pole  of  the  hemisphere 
precedes  the  caudal  pole  in  development.  The  outer  surface 
of  the  brain  shows  few  of  the  landmarks  which  are  seen  in  later 
embryos  and  adults.  The  stem-hemisphere  sulcus  is  of  course 
the  most  prominent.  The  olfactory  peduncle  is  not  yet  formed, 
but  the  broad  depression  on  the  lateral  surface  may  represent 
the  beginning  of  constriction.  The  fissura  prima  and  diagonal 
band  are  recognizable  at  the  medio-basal  angle  in  front  of  the 
preoptic  recess.  There  is  a  shallow  furrow  over  the  rostral 
part  of  the  foramen  which  may  be  the  beginning  of  the  sulcus 
fimbrio-dentatus. 


,d.y  Google 


484  J.   B.   JOHNSTON 

The  ventricle  shows  a  very  sharp  ventral  groove  leadii^ 
forward  from  the  foramen  and  much  deepened  in  the  region 
of  the  futm-e  tuberculum  olfactorium.  The  middle  ventricular 
groove  is  clearly  marked  in  the  region  rostral  to  the  foramen, 
while  the  dorsal  groove  has  not  yet  appeared. 

In  spite  of  the  simple  form  of  this  brain,  the  internal  structure 
shows  considerable  advance  in  differentiation. 

The  sections  illustrated  in  figures  6  to  14  can  be  understood 
best  by  beginnii^  with  that  which  passes  through  the  rostral 
border  of  the  foramen  interventriculare  (fig.  9).  In  the  medial 
wall  above  the  foramen  are  recognized  the  primordiimi  hippo- 
campi and  the  fimbria,  one  of  the  early  fiber  tracts  to  be  formed 
in  the  embryo.  The  dorsal  wall  is  occupied  by  pallium,  the 
medial  portion  by  hippocampal,  the  lateral  portion  by  general 
paUium.  In  the  lateral  wall  the  pallium  seems  to  be  limited 
by  a  ventricular  groove  and  by  a  cell-free  space.  This  bound- 
ary line  strongly  reminds  one  of  the  lateral  zona  limitans  of 
the  selachian  and  frcg  brains  (Johnston,  '11a).  The  later 
embryos  show  this  groove  to  be  the  middle  ventricular  groove 
of  the  adult  brain  and  the  clear  area  becomes  the  cell-free  zone 
separating  the  dorsal  ventricular  ridge  and  the  nucleus  lenti- 
formis  in  the  adult.  In  the  lower  half  of  the  lateral  wall  the 
following  structures  are  seen  in  the  figure;  an  active  prolifera- 
tion which  gives  rise  to  the  nucleus  lentiformis,  the  nucleus 
caudatus,  the  lateral  and  medial  forebrain  bundles,  the  anterior 
commissure  bundle,  the  fiber  layer  of  the  diagonal  band,  and 
the  lateral  olfactory  area.  Although  I  have  not  sufficient  stages 
to  enable  me  to  follow  the  history  of  these  structures,  there  is 
evidence  that  the  superficial  cell  layer  which  represents  the 
lateral  olfactory  nucleus  has  been  derived  from  the  layers  of 
indifferent  cells  in  the  early  embryo  and  that  the  mass  of  the 
caudate  nucleus  represents  a  later  proliferation.  The  embryo 
shows  clearly  that  the  lentiform  nucleus  is  beginning  to  form 
when  the  caudate  is  already  completely  formed  or  nearly  so. 
As  the  other  sections  are  studied  it  will  become  evident  that  the 
len^form  nucleus  is  formed  by  a  proliferation  distinctly  dorsal 
to  the  caudate  and  that  the  changes  in  later  development  brii^ 
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it  into  a  position  lateral  to  the  caudate.  There  is  some  indi- 
cation of  the  superficial  layer  of  the  olfactory  area  spreading 
iipward  beyond  the  middle  ventricular  groove  (at  the  point 
marked  l.pyr). 

Passing  caudad  from  this  level,  in  the  next  section  drawn 
(%.  8)  the  same  structures  are  to  be  seen  in  the  lateral  wall. 
The  middle  ventricular  groove  has  almost  disappeared,  however, 
and  the  proliferating  area  for  the  lentiform  nucleus  is  much 
smaller.  The  next  section  drawn  (fig.  7}  is  the  last  one  in  which 
the  lentiform  proliferation  can  be  recognized  and  with  it  the 
locus  of  the  pallial  border.  In  the  lower  part  of  the  hemisphere 
the  lateral  olfactory  area  is  represented  by  a  large  collection 
of  cells  closely  related  to  the  caudate  nucleus  and  the  diagonal 
band.  This  is  the  nucleus  of  the  lateral  olfactory  tract  and  the 
next  section  shows  the  close  relation  of  both  this  and  the  diago- 
nal band  to  the  stria  medullaris.  Caudal  to  this  the  nucleus 
of  the  lateral  olfactory  tract  soon  disappears  and  the  hemisphere 
wall  presents  the  appearance  of  an  undifferentiated  pallium, 
except  for  the  fimbria  and  the  thin  choroidal  area  in  the  medial 
wall. 

The  next  section  rostrad  from  the  one  first  described  passes 
through  the  anterior  commissure  (fig.  10).  The  lentiform  pro- 
liferation appears  larger,  the  diagonal  band  fibers  approach 
those  of  the  olfacto-hypothalamic  system.  In  figures  9,  10, 
and  those  of  sections  farther  rostrad,  one  of  the  most  noteworthy 
features  is  the  mass  of  cells  proliferating  from  the  deep  layers 
of  the  palliimi.  The  medial  border  of  the  pallium  does  not 
show  active  proUferation  but  in  the  lateral  three-fourths  many 
new  cells  are  forming  and  these  appear  to  be  streaming  laterad 
into  the  thick  wall  just  dorsal  to  the  middle  ventricular  groove. 
Indeed  the  proliferation  and  streaming  of  these  cells  is  the  active 
cause  for  the  thickening  of  this  part  of  the  wall  and  the  forma- 
tion of  the  middle  ventricular  groove.  Fiirther  thickening  of 
this  part  of  the  wall  deepens  this  groove  and  produces  the  dor- 
sal ventricular  groove  at  the  point  indicated  in  figure  9. 

In  figures  9  to  12  appear  important  relations  of  the  dorsal 
border  of  the  olfactory  area  to  the  palUum.     Here  it  is  quite. 
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clear  that  the  superficial  layer  of  ceils  of  the  olfactory  area  ex- 
tends up  on  the  outer  surface  of  the  pallium  and  that  it  is  ac- 
companied by  a  special  btindle  of  fibers.  The  crowding  of 
cells  in  this  stage  is  such  that  it  is  impossible  to  determine  whether 
the  pyriform  lobe  cells  have  spread  or  migrated  up  from  the 
lateral  surface  in  the  basal  region  or  have  been  formed  here  by 
the  proliferation  which  at  this  stage  is  givii^  rise  to  the  pal- 
lium. Farther  caudad  and  in  later  stages  the  relations  are  such 
as  to  make  the  former  appear  more  probable.  The  cells  of  the 
pyriform  lobe  probably  all  come  from  the  layer  of  indifferent 
cells  seen  in  earlier  stages  and  formed  by  proliferation  in  the 
lateral  and  basal  region  before  the  pallial  proliferation  seen 
in  this  sta^e  began.  Pallium  and  pyriform  lobe  are  still  visible 
in  a  section  (fig.  14)  through  the  peduncle  in  which  the  olfactory 
formation  appears  in  the  dorsal  wall.  The  olfactory  formation 
extends  far  back  on  the  dorsal  surface,  as  is  already  well  known. 

[CHRY3EMYS 

Modeb  were  made  of  the  17  mm.  and  28  mm.  stages.  Most 
of  the  chief  landmarks  of  the  adult  brain  are  already  visible 
in  the  17  mm.  embryo  (figs.  3,  4,  15,  16,  17).  The  caudal  pole 
still  lags  behind  the  rostral  portion  in  development.  The  cau- 
dal pole  projects  much  farther  back  than  in  the  oldest  Chelydra 
embryo  and  in  the  28  mm.  stage  the  olfactory  ares  (lobns  pyri- 
formis)  extends  relatively  farther  back  than  in  the  17  mm. 
stage.  The  tuberculum  olfaetorium  is  well  developed  and 
the  ventral  groove  of  the  ventricle  dips  deep  into  it.  The  mid- 
dle ventricular  groove  (fig.  4  and  sections)  is  very  sharp  and 
deep  in  the  middle  part  of  the  brain  and  stops  abruptly  just 
caudal  to  the  level  of  the  foramen  interventriculare.  The  dor- 
sal ventricular  groove  appears  in  the  17  mm.  embryo  (figa.  4, 17) 
as  a  slight  groove  in  the  lateral  wall  some  distance  from  the 
medio-dorsai  angle  of  the  ventricle. 

Three  sections  caudal  to  the  foramen  are  drawn  from  the 
17  mm.  embryo  and  nine  sections  from  various  levels  of  the 
28  mm.  embryo.  The  internal  differentiation  has  already  pro- 
gressed so  far  in  the  17  mm.  embryo  that  it  will  be  unnecessary 
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to  Speak  of  it  separately.  In  both  sts^es  many  features  of 
the  sections  can  readily  be  compared  with  the  structures  seen 
in  corresponding  sections  of  the  adult  brain.  For  this  pur- 
pose the  reader  should  consult  the  description  of  the  cell  masses 
in  the  brain  of  Cistudo  in  this  Journal  for  October,  1915.  The 
necessary  description  of  individual  sections  is  ^ven  in  connec- 
tion with  the  figures.  Here  I  shall  take  up  the  relationships 
of  the  lateral  mai^n  of  the  pallium  and  the  dorsal  ventricular 
ridge. 

Corpus  striatum  and  lateral  olfactory  area.  In  the  younger 
embryos  the  loosely  arranged  cells  of  the  lateral  olfactory  cen- 
ters cover  the  outer  surface  of  the  caudate  and  lentiform  nuclei 
and  form  a  continuous  layer  over  the  lateral  surface  of  the 
hemisphere  (except  dorso-caudally).  This  ia  shown  in  figures 
7  to  12,  and  this  interpretation  is  given  to  the  models.  In  the 
28  mm.  embryo  there  is  a  small  area  opposite  the  foramen  in 
which  the  striatum  and  the  crus  bundle  contained  in  it  come 
to  the  surface  (fig.  21)  and  the  olfactory  centers  form  the  pyri- 
form  lobe  above  and  the  diagonal  band  below.  This  small 
area  is  painted  blue  in  the  model  and  appears  white  in  figure  5. 
Sections  show  that  it  is  the  elbow  of  the  crus,  with  certain  large 
cells  contained  in  it  ('15  b,  p.  405),  which  comes  to  the  surface 
here.  This  ia  presumably  due  to  the  rapid  growth  of  both 
ascending  and  descending  fibers  in  the  cms.  The  crowding 
thus  produced  leads  to  the  shiftily  of  the  cells  of  the  olfactory 
center  upward  and  downward.  This  process  must  go  much 
further  in  later  development  until  the  large  striatal  area  is  left 
exposed  in  the  adult.  The  embryonic  history  thus  seems  to 
support  very  clearly  the  hypothesis  ('15  b,  p.  428,  429)  that 
the  exposed  striatal  area  in  the  turtle  had  been  covered  at  an 
earlier  stage  of  evolution  by  the  lateral  olfactory  area. 

Relations  of  pyriform  lobe  and  pcdlial  margin.  In  the  caudal 
half  of  the  hemisphere  the  pyriform  lobe  forms  a  layer  external 
to  the  corpus  striatum  and  extends  up  to  a  thin  edge  superficial 
to  the  dorsal  ventricular  ridge  and  the  margin  of  the  pallium. 
This  overlapping  of  the  pallial  margin  by  the  pyriform  lobe 
persists  in  the  adult.    At  about  the  level  of  the  interventricular 
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foramen  the  pyriform  lobe  begins  to  extend  higher  on  the  lateral 
surface.  At  the  same  time  thickenir^  of  the  lateral  border 
of  the  pallium  moves  dorsally,  becomes  crowded  and  folded 
on  itself  and  ginks  in,  forming  a  projection  into  the  ventricle 
(figs.  22  to  25).  These  changes  take  place  rapidly  from  be- 
hind forward  so  that  in  thirty  or  forty  sections  of  10  microns 
the  place  occupied  by  the  thick  border  of  the  pallium  comes 
to  be  taken  by  the  pyriform  lobe.  From  this  point  forward 
the  pyriform  lobe  forma  a  characteriatic  ridge  filled  with  a  dense 
layer  of  cells,  very  much  as  in  the  adult. 

Origin  of  dorsal  ventricular  ridge.  In  the  Chelydra  embryo 
above  described  the  dorsal  part  of  the  lateral  wall  is  thickened 
by  cells  coming  from  a  proliferating  area  in  the  dorao-lateral 
wall.  The  groove  which  bounds  this  thickening  was  identified 
with  the  middle  ventricular  groove  of  the  adult.  In  the  older 
embryos  of  Chysemys  the  groove  is  readily  identified  bu(  has 
been  very  greatly  deepened  by  further  thickening  of  the  mass 
just  above  it.  Likewise  the  thickening  of  this  mass  has  pro- 
duced a  groove  above  it,  the  dorsal  ventricular  groove.  The 
thick  mass,  then,  is  the  dorsal  ventricular  ridge  and  in  earlier 
stages  it  is  indistinguishable  from  the  dorsal  pallium.  In  the 
caudal  part  of  the  hemisphere  of  the  older  embryos  the  relations 
of  the  dorsal  ventricular  ridge  are  not  essentially  changed  from 
those  seen  in  the  Chelydra  embryo.  Caudal  to  the  level  of 
the  stria  medullaris  (figs.  18,  19)  this  ridge  bulges  into  the  ven- 
tricle and  is  covered  outside  and  below  by  the  thick  mass  of 
the  nucleus  of  the  lateral  olfactory  tract.  In  the  caudal  pole 
the  ridge  merges  gradually  with  the  general  palhxmi  caudal  to 
the  level  at  which  the  pyriform  lobe  ends  In  the  rostral  part 
of  the  hemisphere  (figs.  22,  23)  the  dorsal  ridge  has  become  prac- 
tically independent  of  the  pallial  thickening,  very  much  as  it  is 
in  the  adult.  Prom  these  embryos  it  is  quite  clear  that  the 
dorsal  ventricular  ridge  arises  as  a  thickening  of  the  lateral 
border  of  the  pallium  and  that  its  continued  growth  causes 
io  to  project  into  the  ventricle  and  produces  the  middle  and  dor- 
sal ventricular  grooves.  In  the  28  mm.  embryo  the  mass  of 
cells  which  in  the  adult  was  called  the  core-nucleus  of  the  ridge 
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ia  clearly  recognizable  in  the  rostral  part,  back  to  the  level  of 
the  caudal  border  of  the  foramen  interveutriculare. 

Between  the  pallial  thickening  arid  the  cells  of  the  dorsal 
ventricular  ridge  appears  in  the  sections  a  clear  space  filled  by 
fibers.  In  the  caudal  part  of  the  hemisphere,  where  the  dorsal 
ventricular  groove  is  already  formed,  this  bundle  of  fibers  is 
seen  to  hold  the  same  position  as  an  import,ant  bundle  in  the 
adult.  In  the  adult  many  fibers  from  the  crua  enter. this  bundle 
or,  more  probably,  pass  through  it  on  their  way  to  the  pallium. 
Here  in  the  embryo  the  cms  is  not  yet  sufficiently  developed 
to  enable  one  to  trace  it  up  through  the  striatum  to  this  level. 
The  strong  development  at  this  stage  of  the  bundle  here  men- 
tioned indicates  that  it  ia  composed  chiefly  of  fibers  connecting 
parts  of  the  hemisphere;  an  association  bundle,  in  other  words. 
Relations  of  dorsal  ventricular  ridge  to  basal  structures.  In 
the  rostral  part  of  the  hemisphere  the  ridge  is  from  the  first 
clearly  marked  off  from  the  striatum  below  by  the  middle  groove 
and  by  a  prominent  cell-free  zone.  In  later  embryos  this  cell- 
free  zone  becomes  compressed  into  a  narrower  line  as  seen  in 
section  and  scattering  cells  are  found  in  it.  There  is,  however, 
always  a  clear  boundary  between  the  ridge  and  the  developing 
lentiform  nucleus.  In  section  the  cell-free  zone  inchnea  dorsad 
toward  the  lateral  surface  and  passes  above  the  lateral  olfac- 
tory area.  In  the  rostral  part,  where  the  pyriform  lobe  crowds 
far  dorsal  this  limiting  zone  is  bent  into  a  semicircular  or  U- 
shaped  line  (figs.  23  to  27).  When  the  writer  first  studied 
the  adult  turtle  brain  he  found  it  impossible  to  establish  a  direct 
comparison  between  the  lateral  zona  limitans  of  the  selachian, 
frog  and  other  simpler  vertebrates,  and  either  of  the  cell-free 
zones  seen  in  the  lateral  wall  of  the  turtle  brain.  It  is  now 
evident  that  the  clear  zone  which  in  the  adult  brain  passes 
from  a  point  near  the  middle  ventricular  groove  toward  the 
lateral  surface  and  then  bends  dorsad  to  reach  the  surface  in 
the  sulcus  rhinalis  above  the  lobus  pyrifonnis,  is  the  zona  limitans 
of  the  embryo  and  corresponds  to  the  zona  limitans  lateralis  in 
the  selachian  and  frog.  (See  Johnston,  '15  b,  figs.  19  to  22  and 
compare  with  'II  a,  fig.  75).     Since  the  relations  of  the  pyri- 
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form  lobe,  corpus  striatum  and  pallium  in  the  turtle  are  readily 
comparable  with  thoae  in  the  mammal,  the  identification  of 
the  lateral  zona  limitans  in  the  turtle  completes  the  history  of 
this  important  landmark  throughout  the  series  of  vertebrates. 
The  boundary  lines  between  the  pallial  and  basal  portions  of 
the  hemisphere  are  now  clear  in  both  medial  and  lateral  walls 
in  fishes,  amphibians,  reptiles  and  mammals  (Johnston,  '11a, 
'13  b,  '15  b). 

The  relation  of  the  dorsal  ventricular  ridge  to  the  amyg- 
daloid complex  requires  fmther  comparative  study.  In  the 
adult,  it  will  be  remembered,  the  caudal  part  of  this  ridge  is 
separated  from  the  rest  by  a  broad  shallow  groove  which  con- 
tinues in  the  general  direction  of  the  deep  middle  ventricular 
groove  ('15  b,  fig3.  4  and  10).  This  caudal  portion  of  the  ridge 
is  made  up  of  the  medial  amygdaloid  nucleus  and  of  an  apparent 
infolding  of  the  general  pallium.  Even  in  the  oldest  of  these 
embryos  the  dorsal  ventricular  ridge  extends  into  the  tip  of 
the  caudal  pole  as  a  simple  thickening  of  the  general  pallium. 
It  seems  probable,  although  the  evidence  is  not  sufficient  for 
a  definite  conclusion,  that  the  caudal  portion  of  the  ridge  in- 
cluding the  large-celled  medial  amygdaloid  nucleus  is  formed 
from  this  thickening  of  general  pallium. 

For  the  photographs  of  the  models  I  am  indebted  to  Dr.  W.  F. 
Allen  of  the  University  of  Oregon. 
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FIGURES 

ABBREVIATIONS 


a.p.,  area  parolfactoris 

6.O.,  bulbuB  olfactorius 

e.a.,  commissura  &aterior 

c.h.,  coiDinissura  hippocampi 

ch.  op.,  chiasma  opticuin 

e.p.a.,  commisaura  palHi  anterior 

emt,  oroB  cerebri  or  lateral  forebrain 

bundle 
Ctl.,  corpua  striatum 
d.b.,  diagonal  band  of  Broca 
d.n.r.,  dorsal  ventricular  ridge 
ji.,  fimbria 

f.o.,  formatio  olfactoria 
f.p.,  fissura  prima 
for.i.,  foramen  interventriculare 
f.rh.,  fissura  rhinaliH 
g.p.,  general  pallium 
g.a.,  gyrus  subcallosus 
A.,  hippocampus 
hy.,  hypothalamus 
I.  pyr.,  lobus  pyriformia 
!.(.,  lamina  terminalis 
m.fb.bdl.,  medial  forebrain  bundle 


n.c.,  nucleus  caudatus 

n.d.b.,  nucleus  of  tbe  diagonal  band 

n.L,  nucleus  lent!  form  is 

n.o.,  nervus  olfactorius 

n.roi.,  nucleus  rotundua 

n.lT.otf.lal.,  nucleus  of  the  lateral  ol- 
factory tract 

pa.,  pallium 

pa.th.,  palHal  thickening 

p.h.,  primordium  hippocampi 

P.O.,  pedunculus  olfactorius 

r.p.,  receasua  praeopticus 

r.».,  receasua  auperior 

s.f-d.,  sulcua  fimbrio-dentatUB 

a.m.,  stria  medullaris 

a.v.d.,  doraal  ventricular  sulcus 

s.B.m.,  middle  ventricular  sulcus 

S.V.V.,  ventral  ventricular  sulcus 

thai.,  thalamus 

(.0.,  tuberculum  olfactorium 

iT.oif-hy.,  tractUB  olfacto-hypothalam- 
icus 

tr.op.,  tractus  opticus 
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Fig.  1  Chelydra  serpentina.  The  size  of  this  embryo  is  indicated  by  the 
owner  by  the  worda  '8.5  mm.  carapace.'  Lateral  view  of  a  model  of  the  right 
hemisphere.    Description  in  the  text. 

This  and  the  following  models  have  been  merely  rubbed  with  a  blunt  inatru' 
ment  to  smooth  the  surface.  The  external  surface  has  been  painted  so  that  tfan 
olfactory  centers  and  hippocampus  appear  dark  and  the  general  pallium  light. 
The  dieucephalon  has  been  left  with  the  gray  color  of  the  modelling  paper  and 
the  ventricular  surface  of  the  hemisphere  has  had  do  treatment  whatever.  The 
lamina  tenninalis  and  line  of  attachment  of  the  choroid  plexus  have  been  painted 
white.  All  the  models  were  made  at  a  magnification  of  SO  diameters  and  arc 
reduced  one-third  in  reproduction. 
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w  of  tbe  model  xbown  in  figure  1.    Deacriptio: 
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Fig.  3  ChrysemyB  embryo  of  17  mm.  Medial  view  of  a  model  of  the  right 
hemisphere.  The  narrowing  of  the  interventricular  foramen  seems  to  have 
taken  place  from  above  downward  on  account  of  the  expansion  of  the  hippo- 
campus and  general  pallium.  The  white  area  labelled  e.k.,  is  the  cut  surface  of 
the  primordium  hippocampi  in  the  median  plane.  The  thin  portion  of  the  medial 
hemisphere  wall  which  will  form  the  clioroid  fissure  and  plexus  is  bounded  by  a 
white  line. 

Fig.  4  Same  model  as  figure  3,  with  the  thalamus,  hippocampus  and  primor- 
dium  hippocampi  removed.  The  lateral  wall  of  the  ventricle  shows  the  dorsal 
ridge  bounded  below  by  the  deep  middle  ventricular  groove  aa  described  in  the 
text.  The  dorsal  groove  is  shallow.  There  is  no  evident  boundary  between  the 
dorsal  ridge  and  the  pallial  thickening  at  the  rostral  end. 

Fig.  5  Chrysejnye,  28  mm.  Lateral  view  of  a  model  of  the  right  hemisphere. 
Note  the  great  elongation  of  the  pyriform  lobe  in  the  caudal  pole  aa  compared 
with  the  condition  in  figure  1.  With  regard  to  the  exposure  of  the  corpus  striatum 
on  the  lateral  surface,  compare  figures  1  and  5  with  the  figures  in  '15  b. 
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Figs.  6  to  14  Transverse  sections  through  the  right  hemisphere  of  the 
ChelydriL  embryo  illustrated  in  figures  1  and  2. 

Fig.  6  Section  just  caudal  to  the  fommen  interventriculare.  This  is  th« 
most  caudal  section  in  which  the  nucleus  caudatus  can  be  recognised  and  here 
it  practically  fuses  with  the  nucleus  of  the  lateral  olfactory  tract.  Both  are 
undoubtedly  parts  of  the  primitive  basal  olfactory  centers  which  have  been  car- 
ried out  into  the  caudal  pole  of  the  hemisphere  evagination.  There  is  in  this 
section  no  apparent  boundary  between  these  nuclei  which  enter  into  the  amygda- 
loid complex  and  the  general  pallLUm. 

Fig.  7  Section  through  the  caudal  part  of  the  foramen,  120  microns  rostral 
to  figure  6.  The  nucleus  caudatus  is  much  more  distinct  and  the  proliferation 
of  cells  for  the  nucleus  lentiformis  begins  to  appear.  There  is  now  a  slight  indi- 
cation of  the  latera.  boundary  of  the  pailium.  The  letters  s.n.m.  in  this  and 
figure  8  indicate  the  position  in  which  the  middle  ventricular  sulcus  is  to  be 
formed,  although  if  is  not  actually  present  in  these  sections. 

Fig.  8  Section  through  rostral  part  of  the  foramen.  lOOmicrons  rostral  to  figure 
7.  The  lateral  olfactory  area  is  represented  chiefiy  by  cell  masses  adjacent  to 
the  diagonal  band.  The  nucleus  caudatus  begins  to  be  separated  from  this  area 
by  the  crua  entering  the  hemisphere.  The  lentifurm  proliferation  ia  larger  and 
the  clear  space  just  above  it,  which  corresponds  to  the  zona  limitans  lateralis  in 
lower  vertebrates,  is  present  from  this  level  forward. 

Fig.  n  Section  through  the  rostral  wall  of  the  foramen.  The  position  of  the 
foramen  is  represented  by  the  light  space  at  the  medio-ventrai  angle  of  the 
ventricle.  The  crus  has  now  separated  the  nucleus  caudatus  from  the  nucleus 
of  the  diagonal  band  and  both  are  somewhat  removed  from  the  larger  mass  of 
the  lateral  olfactory  area  which  is  here  Ijkbeled  l.pyr.  The  middle  ventricular 
sulcus  which  is  present  in  this  section  extends  farther  caudally  in  order  embryoa 
and  adult. 
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Fig.  10  Section  through  the  anterior  commissure.  Although  the  lateral  ol- 
factory area  is  continuoua  in  theae  sections  and  even  the  nucleus  caudatus  ii 
nowhere  wholly  separated  from  it,  one  can  clearly  see  the  beginnings  of  the 
segregation  of  the  pyriform  lobe,  diagonal  band  and  caudate  nucleua  by  reason 
of  the  enlargement  of  the  lateral  forebrain  bundle  (cru»).  This  process  will  be 
completed  in  later  stages  by  the  development  of  the  lentifonn  nucleus  and  the 
further  enlargement  of  the  eras. 

Fig.  11  Section  just  rostral  to  the  preoptic  recess  where  the  diagoaal  band 
turns  up  in  the  medial  wa'.l.  The  dark  mass  on  the  medial  surface  of  the  area 
parolfactoria  represents  the  beginning  of  the  nucleus  of  the  diagonal  band, 
which  corresponds  to  the  gyrus  subc&llosus  of  the  mammaliaD  brain.  The 
uutleuB  oaudatus  is  connected  beneath  the  ventricle  with  the  area  parolfactoria. 
From  this  level  rostrad  the  olfactory  area  or  lobe  is  quite  continuous  from  its 
lateral  border  at  l.pyr.  to  its  medial  border  near  fi. 

Fig.  12  Section  60  microns  rostral  to  figure  II,  where  the  diagonal  band  fibers 
rise  up  in  the  medial  wall  to  join  the  fimbria.  Although  the  cells  of  the  pyri- 
form lobe  and  pallium  lie  immediately  in  contact,  there  appears  in  many  sec- 
tiooB  a  very  sharp  line  as  if  it  were  caused  by  a  delicate  septum  running  dorsad 
from  the  small  fiber  bundle  beneath  l.pyr. 

Fig.  13  Section  through  the  tuberculum  olfactorium.  Note  that  the  ventral 
vmtricular  sulcus  here  descends  nearer  to  the  surface  than  elsewhere  so  that 
the  somewhat  bulging  tuberculum  contains  a  large  pouch  of  the  ventricle. 

Fig.  14  Section  through  the  olfactory  peduncle.  The  ventral  part  of  the 
section  cuts  the  rostral  wall  of  the  tuberculum  while  its  dorsal  part  cuts  tht 
olfactory  formation. 
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Figs.  13,  16, 17  Three  transverse  secttonB  of  the  right  hemisphere  oF  the 
17  mm.  Chrysemya.  Figure  17  (alia  in  the  caudal  part  of  the  foramen  and  figure 
16  representa  next  to  the  last  section  in  which  the  connection  of  the  hemisphftre 
with  the  thalamus  is  seen.    Figure  16  is  between  theae  two. 

In  this  embryo  the  mass  formed  by  the  pallial  proliferation  of  the  earlier  stage 
baa  become  divided  into  a  general  pallium  and  the  dorsal  ventricular  ridge.  The 
ridge  projects  into  the  ventricle  forming  a  deep  middle  ventricular  sulcus  and  a 
shallow  dorsal  sulcus.  Note  that  the  dorsal  sulcus  is  quite  independent  of  the 
dorso-medlAl  angle  of  the  ventricle.  The  dorsal  ventricular  ridge  therefore  is 
clearly  a  thickening  of  the  lateral  wall  above  the  lateral  zona  limitans.  This 
■ona  limitans  is  the  light  Streak  in  the  drawings  running  diagonally  between 
d.v.r.  above  and  n.l.  and  I.pj/r.  below.  The  nucleus  of  the  diagonal  band  is  very 
large  and  definite  in  figure  17,  while  in  figure  16  and  16  its  eubetance  is  fused  with 
the  nucleus  of  the  Uteral  olfactory  tract.  The  lentiform  proliferation  is  still 
in  progress,  especially  from  the  dorsal  lip  of  the  middle  sulcus.  The  peculiar 
arrangement  of  ependyma  cells  seen  at  this  point  in  the  adult  already  begins  to 
be  apparent  here. 

Figs.  18  to  27  Transverse  sections  oF  the  right  hemisphere  of  the  28  mm. 
embryo  of  Chiysranys. 

Fig.  18  Section  at  about  the  point  where  the  fimbria  curves  down  bebind  the 
choroid  area.  Caudal  to  this  the  nucleus  of  the  lateral  olfactory  tract  soon 
disappears  and  the  dorsal  ridge  continues  on  into  the  caudal  pole  as  a  simple 
thickening  of  the  lateral  walls.  At  g.p.f  is  a  partly  segregated  mass  of  cells 
which  probably  represents  general  pallium  extending  From  the  caudat  pole  For- 
ward to  this  point  in  the  basal  wait  as  it  does  in  the  adult. 
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Fig.  19  Section  120  microns  rostral  to  figure  18.  In  both  these  sections  Iho 
connection  of  the  dorsal  ridge  with  the  pallium  is  clear  and  they  illustrate  the 
more  embryonic  conditions  which  prevail  in  the  caudal  pole  than  in  the  rostral 
part  of  the  hemisphere. 

Fig.  20  Section  at  the  point  of  connection  of  the  hemisphere  with  the  thala- 
mus where  the  stria  medullaris  passes  into  the  thalamus.  In  this  and  the  next 
two  figures  the  lateral  zona  limitans  appears  as  a  diagonal  light  line  running 
dorso laterally  from  s.v.m.  to  the  outer  surface. 

Fig.  21  Section  through  the  foramen  interventriculare.  The  lentiform  and 
caudate  nuclei,  neither  of  which  was  distinguishable  in  figure  20,  arc  here  quite 
distinct.  The  crus  in  this  Bgure  separates  the  caudate  from  the  nucleus  of  the 
diagonal  baud.  From  this  point  rostrad  for  thirty  to  forty  sections  the  crus 
lies  practically  exposed  on  the  lateral  surface.  This  condition  is  represented  by 
a  small  striatsl  area  in  the  model  of  this  brain  (fig.  5). 

Fig.  22  Section  throv^h  the  anterior  commissure.  Here  the  gencrnl  pallium 
begins  to  be  decidedly  thickened,  llie  motor  arcs  of  Ibe  adult  inrludejt  this 
region  and  extends  farther  caudad.  Forward  from  this  levl  the  olfactory  ares 
is  again  continuous  on  the  lateral,  basal  and  medial  surfaces. 
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Fig.  23  Section  through  the  rostral  wall  of  the  preoptic  recess  and  the  Duoleua 
of  the  diagonal  band  (gyrus  aubcalloHUs).  Between  the  level  of  figure  22 and  this 
the  pyriform  lobe  has  rapidly  pushed  up  over  the  outer  surface  of  the  pallial 
thickening  as  described  in  the  text.  The  dorsal  ridge  is  decreasing  in  siie  and 
the  arrangement  of  its  cells  in  this  and  in  figure  22  suggests  the  core-nucleus  of 
the  adult.  The  dorsal  ridge  and  the  pallial  thickening  form  a  conunon  large 
ridge,  while  in  the  adult  they  are  separated  by  a  groove  (see  '15  b,  fig,  10). 

Fig.  24  Section  through  the  rostral  end  of  the  dorsal  ridge  and  through  the 
fissura  prima,  in  which  the  fibers  of  the  diagonal  band  are  turning  up  into  the 
medial  wall.    Both  pailisl  thickening  and  pyriform  lobe  are  massive. 

Figs.  25,  26  and  27  Sections  throi^h  the  anterior  part  or  motor  area  of  th« 
general  pallium.  The  whole  of  what  ia  called  general  pallium  here  becomes  more 
massive  in  the  adult  and  is  included  in  the  pallial  thickening.  An  important 
feature  of  these  sections  is  that  the  general  pallium  especially  at  the  dorso-medial 
angle  is  composed  of  conspicuously  large  cells.  If  the  results  of  experiments  re- 
ported elsewhere  in  this  journal  are  to  be  credited,  this  is  certainly  &  part  of  the 
motor  area  and  probably  is  concerned  with  the  control  of  the  limbs.  Tlie  prea- 
ence  of  the  large  cells  is  readily  understood  if  this  is  true. 
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NEUTRAL  RED  AS  A  CELL  STAIN  FOR  THE  CENTRAL 

NERVOrS  SYSTEM 

J.  B.  JOHNSTON 

Urtwernty  oj  Uinnetota 

The  method  described  below  has  been  used  for  eight  years  for  the 
study  of  the  tigroid  content  of  cells  as  well  as  the  size,  fonn  and  group- 
ing of  cell  bodies.  Afl  a  'Nissl  method'  it  gives  better  results  withfor- 
malin  material  than  methylene  blue  or  toluidin  blue.  The  method  is 
simple  and  the  stain  is  permanent  and  is  suitable  for  photography. 

The  stain  is  made  up  in  a  1  per  cent  aqueous  solution  and  kept 
for  months  or  years  until  thoroughly  ripened.  The  ripening  process 
is  hastened  by  exposure  to  the  air  or  by  boiling  but  I  know  of  no  way 
to  obtain  a  satisfactory  staining  solution  in  a  few  days.  A  good  stain 
can  be  had  after  a  few  months;  a  better  one  after  tlu-ee  or  four  years. 
A  1  per  cent  solution  is  diluted  as  required  and  the  dilute  stain  may  be 
used  over  and  over  again. 

The  stain  is  used  with  either  celloidin  or  paraffin  sections.  Differ- 
entiation is  carried  out  in  alcohol.  The  lower  grades  of  alcohol  differ- 
entiate slowly  enough  to  allow  one  to  examine  the  sections  under  the 
microscope.  The  higher  grades  wash  out  the  stain  and  the  sections 
should  remain  in  these  grades  only  as  long  as  necessary  to  secure  de- 
hydration. If  differentiation  has  been  completed  in  70  per  cent  al- 
cohol, it  may  be  carried  too  far  while  the  sections  are  being  dehydrated 
in  the  higher  grades. 

Tile  clearing  of  the  sections  requires  care,  as  any  alcohol  left  in  the 
sections  willremove  thestaln.  Also,8omeof  the  common  clearing  agents 
injure  the  stain  while  others  soften  celloidin.  For  paraffin  sections 
xylol  is  safe  and  satisfactory.  For  celloidin  sections  castor  oil  and 
bei^amot  oil  are  the  only  common  clearing  agents  which  have  proved 
constantly  reliable.  Carbol-xylol  ruins  the  stain  at  once  and  cedar 
oil,  clove  oO,  cajepat  oil,  oil  of  thyme,  and  anilin  oil  have  all  been  un- 
satisfactory for  one  reason  or  another,  at  least  in  certain  samples. 
After  clearing  in  bergamot  or  castor  oil  it  is  well  to  rinse  the  sections 
in  xylol.  The  mounts  harden  more  rapidly  and  seem  a  little  more 
brilliant  and  transparent.  If  castor  oil  is  used  the  sections  can  be 
handled  much  more  easily  if  the  oil  is  thinned  by  addition  of  one  part 
of  xylol  to  two  or  three  of  castor  oil.  The  xylol  also  counteracts 
any  tendency  of  the  castor  oil  to  soften  the  celloidin.  It  is  most  con- 
venient in  Imndhng  large  sections  to  float  them  on  glass  sUdes  in  the 
last  grade  of  alcohol  and  pass  them  through  the  clearing  agent  on  the 
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slide.  Id  all  these  particulars  the  method  is  more  difficult  with  large 
and,  especially,  thick  sections.  Sections  50  microns  in  thickness 
through  the  whole  brain  of  a  newborn  babe  have  been  perfectly  st^ed 
by  this  method,  while  sections  100  microns  thick  through  the  entire 
adult  human  brain  could  not  be  differentiated  and  cleared  uniformly. 
The  steps  in  the  process  may  be  stated  as  follows: 

Material   fixed   in  formalin  or  alcohol.     Old   formalin  material 

gives  good  results. 
ParafBn  or  celloidin  sections. 
Aqueous  neutral  red  Griibler  {well  ripened)  diluted  to  one-fourth 

or  one-tenth  of  1  per  cent. 
Use  warm  10  to  30  minutes,  or  cold  12  to  24  hours.    Differentiate 
in  50  or  70  per  cent  alcohol.     Dehydrate  rapidly  in  higher  grades. 
Clear  parafBn  sections  in  xylol;  celloidin  sections  in  csator-xylol 

or  bergamot  oil. 
Mount  in  dammar  or  balsam.     Clearing  and   mounting    media 
must  be  neutral. 
Neutral  red  does  not  work  well  after  chromic  salts  and  hence  csan 
not  be  used  as  a  secondary  stain  after  Weigert.    The  stain  does  work 
admirably,  however,  after  either  the  Cajal  or  Bielschowsky  process 
on  formalin  or  alcohol  material.     Some  beautiful  preparations  have 
been  obtained  by  treating  with  neutral  red  as  above  sections  in  which 
the  silver  stain  has  attacked  chiefly  the  fibers.     This  enables  one  to 
study  the  relations  of  cell  masses  to  fiber  bundles  and  to  see  the  origin 
of  a  silver-coated  axone  from  the  cell-body  stained  by  neutral  red. 
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STUDIES  ON  THE  MAMMARY  GLAND 

1.    THE  GROWTB  AND  DISTRIBUTION  OF  THE  MILK-DDCTS  AND  THE 

DEVELOPMENT   OF   THE   NIPPLE   IN   THE   ALBINO 

RAT  FROM   BIRTH   TO   TEN   WEEKS   OF   AGE 

J.  A.  MYERS 
Prom  Ike  Imtitute  of  Anatomy,   University  0/  Mirmemta,   Mimieapot-U 

eiX   TEXT   FiaOREa    AND    FOUR   PLATEB 

The  maminary  gland  undergoes  many  important  changes  from 
birth  to  old  age.  Numerous  details  in  the  normal  structure  of 
the  gland  at  various  stages  of  its  history  are  still  imperfectly 
known.  Because  of  the  lack  of  anatomical  knowledge,  patholo- 
gists are  often  unable  to  determine  whether  a  certain  condition 
of  the  mammary  gland  is  due  to  a  physiological  or  a  pathological 
change.  Moreover,  a  knowledge  of  the  normal  course  of  devel- 
opment is  necessary  as  a  basis  for  various  lines  of  experimental 
work  upon  the  mammary  gland.  In  view  of  these  facts  further  in- 
vestigation of  the  developmental  changes  in  the  mammary  gland 
during  its  life  history  seems  desirable.  Hence  a  series  of  studies 
upon  this  subject  has  been  undertaken.  The  present  paper, 
which  is  the  first  of  the  series,  deals  only  with  the  growth  and 
gross  relations  of  the  ducts,  and  the  gross  development  of  the 
nipples  from  the  first  day  to  ten  weeks  after  birth  In  later 
papers,  the  prenatal  condition  as  well  as  various  changes  involved 
during  pregnancy,  lactation,  and  involution  will  be  considered. 

MATERIAL  AND  TECHNIQUE 

The  present  study  is  confined  to  the  mammary  gland  of  the 
albino  rat  (Mus  norv^cus  albinus).  This  form  is  easily  reared 
in  the  laboratory  and  is  thus  available  at  all  times.  Its  hfe  cycle 
is  short,  so  that  any  desired  stage  in  the  history  of  the  mammary 
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gland  can  be  obtained  in  a  comparatively  short  time.  The  vari- 
ous developmental  stages  are  therefore  easily  obtained  and 
controlled. 

In  the  present  study  three  methods  were  used.  (1)  Micro- 
scopic sections  were  studied;  (2)  wax  reconstructions  (of  the  new- 
bom)  were  made  according  to  Bom's  method;  (3)  the  ducts  were 
studied  from  cleared  preparations.  These  preparations  were 
made  according  to  the  method  employed  by  Lane-Claj^on  and 
Starling  ('06).  The  skin  of  the  entire  ventral  part  of  the  body 
was  removed,  spread  out  on  a  sheet  of  cork,  and  fixed  in  a  mer- 
curic chloride-formalin  solution  (10  per  cent  formalin  in  a  sat- 
urated aqueous  solution  of  mercuric  chloride).  The  corium  and 
tela  subcutanea  containing  the  gland  were  then  removed  in  a 
single  sheet.  In  the  older  specimens  it  was  usually  necessary 
to  dissolve  out  the  fat  with  alcohol  and  ether  before  staining. 
The  preparations  were  then  placed  in  a  very  dilute  solution  of 
alum-hematoxylin  or  carmalum  until  they  were  eulficiently 
stained.  When  necessary,  the  excess  stain  was  washed  out  with 
acid-alcohol.  After  dehydration,  beechwood  creosote  and  cedar 
oil  were  used  as  clearing  agents,  the  specimens  being  first  placed 
in  creosote  for  a  few  hours  and  then  transferred  to  cedar  oil. 
After  being  thoroughly  cleared  they  were  mounted  in  damar 
on  glass  slides. 

Frank  and  Unger  ('11)  state  that  Starling's  technique  of 
staining  and  clearing  the  breasts,  as  in  the  rabbit,  could  not  be 
employed  in  the  rat.  No  explanation  is  given  as  to  why  Star- 
ling's method  could  not  be  employed.  It  is  true  that  this  method 
is  rendered  quite  difficult  owing  to  the  development  of  the  pan- 
niculus  camosus  muscle  in  the  thoracic  r^on.  Being  very 
closely  related  to  the  milk-ducts,  it  is  almost  impossible  to  dis- 
sect this  muscle  off  without  destroying  some  of  the  mammary 
gland.  However,  good  cleared  preparations  can  be  studied  to 
advantage  even  when  the  muscle  is  intact.  The  fact  tiiat  the 
panniculus  carnosus  muscle  is  lacking  in  the  abdominal  and  in- 
guinal  regions  makes  the  study  of  the  glands  in  these  regions  com- 
paratively easy.  Fat  is  quite  easily  removed  in  cleared  prepa- 
rations, hence  the  considerable  quantities  of  it  deposited  in  the 
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region  of  the  abdominal  and  inguinal  glands  do  not  add  many 
difficultiee  in  the  technique. 

Sections  for  microscopic  study  were  prepared  by  fixation  in 
Zenker's  fluid,  and  embedding  in  paraffin.  The  sections  were 
cut  10  micra  thick,  mounted  serially  and  stained  with  Mallory's 
connective  tissue  stain  or  with  alum-hematoxylin. 

The  albino  rats  used  were  in  good  health.  After  weaning,  at 
the  age  of  three  weeks,  they  were  fed  upon  whole  wheat  (Gra- 
ham) bread,  soaked  in  whole  milk.  They  were  in  general  of 
average  weight  or  above,  as  indicated  by  the  following  gross  body 
we^ts  of  the  rats  from  which  the  specimens  represented  in  the 
figures  were  obtained:  newborn,  about  4.5  grams;  1  week,  8.5 
grams;  2  weeks,  15.5gram8;3week3,  30  grams;  4  weeks,  53  grams; 
6  weeks,  54  grams;  7  weeks,  75  grams;  9  weeks,  114.5  grams. 

OBSERVATIONS 

1.  General  arrangemeni  of  glanda  and  ducts 

As  shown  in  figure  1,  the  mammary  glands  of  the  albino  rat 
may  be  grouped  according  to  the  regions  which  they  occupy. 
The  three  most  cephalic  pairs  of  glands  lie  in  the  thoracic  region, 
hence  are  designated  thoracic  mammary  glands.  Passing  cau- 
dad,  the  next  pair  Ues  in  the  abdominal  region  at  about  the 
level  of  the  umbilicus.  Henneberg  ('00)  speaks  of  this  pair  as 
the  abdominal  mammary  glands.  The  two  remaining  pairs, 
known  as  the  inguinal  mammary  glands,  lie  in  the  inguinal 
region. 

Each  of  the  first  pair  of  thoracic  glands  Ues  slightly  cephalad 
to,  or  at  Uie  level  of,  the  fore  limb.  Each  adult  nipple  is  located 
about  10  to  12  mm.  from  the  mid-line.  In  the  case  of  the  sec- 
ond pair  of  thoracic  gland  as  a  nipple  is  found  immediately  behind 
each  forelimb.  Here  the  distance  from  the  nipple  to  the  mid- 
line is  somewhat  greater,  being  about  15  to  16  mm.  The  dis- 
tance between  this  and  the  first  pair  of  thoracic  glands  is  nor- 
mally about  30  mm.  The  last  pair  of  thoracic  glands  is  very 
closely  associated  with  the  second  pair,  the  nipples  being  only 
about  12  to  15  mm.  apart.     The  distance  from  each  nipple  to 
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the  mid-line  is  approximately  35  nun.  The  abdominal  pair  of 
glands  stands  somewhat  isolated  from  the  others,  lying  about 
50  mm.  caudad  to  the  last  thoracic  and  25  mm.  cephalad  to  the 
first  inguinal.  As  stated  above,  these  glands  he  near  the  level  of 
the  umbiUciis.  Their  distance  from  the  mid-line  is  about  the 
same  as,  or  slightly  greater  than,  that  of  the  last  thoracic  glands. 
Each  nipple  of  the  first  pairs  of  the  inguinal  glands  lies  in  l^e 


Fig.  1     Veotral  aspect  uf  adult  female  rat  during  lactation,  to  ahow  location 
and  arrangement  of  the  nipples  (from  Henneberg  '00). 

inguinal  region  immediately  medial  to  the  thigh.  The  distance 
from  the  nipple  to  the  mid-hne  is  approximately  12.5  mm.  The 
nipples  of  the  second  pair  of  inguinal  glands  lie  in  the  most  cau- 
dal part  of  the  inguinal  region.  They  are  located  latero-cephalad 
to  the  urethral  orifice.  Like  the  first  thoracic  glands,  l^e  nipples 
of  the  last  inguinal  glands  approach  the  mid-line,  the  distance 
being  only  about  10  to  12  mm.  It  should  be  observed  that  in 
passing  caudad  from  the  first  thoracic  glands  the  distance  from 
the  nipples  to  the  mid-line  gradually  increases  until  the  last 
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thoraxiic  pair  is  reached,  remains  about  the  same  for  the  abdomi- 
nal pair,  then  decreases  to  the  last  inguinal  pair. 

From  figure  1  and  the  above  measurements  it  will  be  observed 
that  the  abdominal  pair  of  glands  is  more  closely  associated  with 
the  inguinal  than  with  the  thoracic  glands.  This  arrangement 
points  toward  a  locahzation  of  the  glands  in  only  two  regions. 
So  far  as  the  distribution  of  the  mammary  glands  is  concerned, 
the  rat  may  be  regarded  as  occupying  a  position  between  thi^e 
forms  which  possess  a  continuous  row  of  mammary  glands  on 
each  side  from  the  thoracic  through  the  inguinal  regions  and  those 
in  which  the  mammary  gland  is  confined  to  a  single  region. 

The  average  number  of  nuunmary  glands  in  the  albino  rat  is 
12  (6  pairs),  but  Henneberg  ('00)  and  Frank  and  linger  ('11) 
have  called  attention  to  the  fact  that  the  number  varies  between 
10  and  14.  Hennebei^  examined  28  embryos  from  the  age  of 
14  days  and  20  hours  to  15  days  and  found  in  5  cases  that  super- 
numerary manunary  hillocks  appeared.  All  were  in  the  pec- 
toral region.  The  accessory  hillocks,  which  in  all  cases  appeared 
smaller  than  the  normal,  were  located  in  4  cases  between  the 
second  and  third  normal  hillock,  and  in  one  case  caudal  to  the 
third.  In  the  adult  animals,  however,  he  found  that  hypermas- 
tia  rarely  occurred,  as  only  one  case  was  reported  from  150  obser- 
vations. In  this  one  ease  the  individual  possessed  a  pair  of 
apparently  functional  glands  just  caudad  to  the  last  pair  of  tho- 
racic glands.  In  the  150  adult  rats  only  one  case  of  hypomastia 
was  foimd.  In  this  case  the  individual  lacked  the  first  pair  of 
inguinal  glands. 

In  the  present  study,  the  number  of  glands  present  was  noted 
in  all  animals  available.  From  observations  made  on  100  indi- 
viduals ranging  in  age  from  10  days  to  adults,  80  were  found  to 
possess  the  normal  number  of  mammary  glands.  Only  one  su- 
pernumerary gland  was  observed.  It  was  located  just  caudad  to 
the  third  thoracic  gland  on  the  left  side,  the  right  side  presenting 
the  normal  number.  In  12  cases  the  second  thoracic  gland  was 
apparently  lacking  on  the  right  side  only,  while  in  7  other  cases 
the  second  thoracic  gland  was  lacking  on  both  sides. 
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A  very  good  time  to  make  these  observations  on  the  albino 
rat  is  about  the  tenth  to  the  fourteentii  day  of  Ufe.  As  pointed 
out  by  Jackson  ('12),  the  mammary  glands  (nipples)  are  very 
conspicuous  at  this  time.  After  the  first  two  weeks  have  passed, 
it  is  very  difficult  to  make  accurate  observations  as  the  glands 
are  well  covered  with  dense  hair.  During  pregnancy  and  the 
period  of  lactation  the  glands  again  become  very  conspicuous. 

Just  medial  to  the  apex  of  each  nipple  is  a  single  opening  which 
leads  into  one  large  duct.  This  duct  after  reaching  the  tela  sub- 
cutanea  turns  almost  at  right  angles  and  courses  through  this 
layer  parallel  to  the  surface.  Instead  of  receiving  a  large  number 
of  tributaries  from  all  directions,  this  single  duct  at  first  receives 
only  a  small  number  of  tributaries  usually  from  a  single  direc- 
tion. Figure  2,  drawn  from  a  cleared  preparation  of  the  integu- 
ment of  a  rat  two  weeks  old,  will  serve  to  show  the  general  direc- 
tion taken  by  the  ducts  of  each  gland.  Here  it  may  be  observed 
tiiat  the  main  duct  of  the  first  thoracic  gland  extends  cephalad, 
then  breaks  up  into  nxmierous  branches.  No  ducts  are  seen  to 
pass  out  in  any  other  direction  from  Uie  nipple.  The  general 
direction  of  the  ducts  of  the  second  thoracic  gland  is  somewhat 
different  as  they  pass  almost  directly  laterad  from  the  nipple. 
In  a  umnber  of  cases,  however,  these  ducts  were  found  to  extend 
somewhat  latero-cephalad.  A  larger  number  of  branches  lead 
from  the  third  duct  than  from  either  of  the  other  thoracic  nipples. 
The  ducts  of  the  third  take  the  same  direction  as  do  those  of  the 
second  thoracic  gland.  The  abdominal  gland,  whose  duct  shows 
a  greater  amount  of  branching  than  any  of  the  others,  sends  its 
branches  in  a  caudo-lateral  direction.  The  main  duct  of  the 
first  inguinal  gland,  aft^  passing  a  short  distance  caudo-laterad, 
breaks  up  into  ramification  some  branches  of  which  take  a 
cephaUc  while  others  take  a  caudal  direction.  The  duct  of  the 
last  or  second  inguinal  gland  usually  sends  all  of  its  branches  di- 
rectly caudad.     In  some  specimens,  however,  a  few  branches 

Fig.  2  Drawn  from  a  cleared  preparation  ot  a  two  weeks'  albioo  rat  (iaternat 
view)  to  show  the  general  arrai^meat  of  the  nipples  and  the  braaching  of  the 
mammary  ducts,     X  4.     T.n.l,  T.n.t,  T.n.S,  let,  2d  and  3d  thoracic  nipplea; 

A.n.i,  abdominal  nipple;  /.nJ,  I.n.t,  Ist  and  2d  inguinal  nipples. 
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pass  cephalad.  It  is  evident  from  the  drawing  of  the  surface  of 
ihe  abdomen  (fig.  1)  that  the  nipples  are  arranged  on  each  side 
30  as  to  form  somewhat  of  an  arch.  It  should  be  noticed  in 
^;Ure  2  that  the  arch  effect  is  also  carried  out  by  the  direction 
and  distribution  of  the  ducts. 

The  milk-ducts  of  late  human  and  rabbit  fetuses  were  divided 
by  R^in  ('82)  into  several  subdivisions  as  follows:  (1)  the  in- 
flated terminal  branches  of  the  1st,  2d,  and  3d  orders  which  to- 
gether form  the  outline  of  the  secretory  part  of  the  gland;  (2) 
that  part  extending  from  these  ramifications  to  the  majnmillary 
zone  which  represents  the  future  lactiferous  sinus;  (3)  the  intra- 
mammjllary  portion  which  constitutes  the  proper  excretory  duct; 
(4)  the  infundibuliform  part  which  passes  through  the  epidermis. 
Brouha  ('05)  was  unable  to  adopt  the  subdivisions  proposed  by 
Rein,  because  neither  at  birth  nor  even  in  the  course  of  the  first 
month  of  postnatal  life  was  he  able  to  distinguish  any  part  which 
was  differentiated  into  a  lactiferous  sinus.  Owing  to  this  fact 
Brouha  suggested  and  followed  a  somewhat  different  subdi- 
vision. He  considers  each  milk-duct  composed  of  three  seg- 
ments; (1)  the  intra-epidermal  infundibuhform  segment;  (2)  the 
excretory  segment  which  extends  from  the  preceding  to  the  place 
bf  the  first  bifurcation ;  (3)  the  secretory  segment,  which  is  com- 
posed of  the  succeeding  branches.  This  subdivision  Brouha 
bases  upon  the  later  histological  characters  of  the  different  por- 
tions of  the  lactiferous  arborization. 
v,A  somewhat  different  classification  of  the  ducts  is  used  in  this 
pkper.  That  part  bf  the  duct  passing  through  the  epidermis  is 
called  the  intra-epidermal  portion  of  the  primary  duct.  That 
part  extending  from  the  epidermis  to  the  first  division  is  desig- 
nated the  primary  duct.  The  ducts  resulting  from  the  divisions 
of  the  primary  ducts  are  spoken  of  as  the  secondary  duets.  The 
secondary  ducts  divide  into  the  tertiary  ducts.  The  colhiteral 
ducts  are  those  given  off  from  the  sides  of  the  main  ducts.  All 
those  ducts  which  end  blindly  are  called  terminal  ducts. 

When  the  various  pairs  of  glands  are  examined  it  will  be  ob- 
served that  for  certain  features  a  single  general  description  can 
be  applied  to  the  ducts  of  all.     However,  each  varies  more  or 
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less  from  a  general  type;  and  it  thus  becomes  necessary  in  some 
places  to  make  the  description  somewhat  detailed.  This  de- 
scription is  given  later  under  "Growth  of  the  ducts." 


Fig.  3  iDternal  view  of  a  wax  model  reconBtruct«d  from  the  left  second  tho- 
racic gland  of  a  oewbora  albiao  rat.  X  40.  a,  anaatomoaia;  c,  collateral  duct; 
ep.in.,  epithelial  ingrowth  of  nipple;  e.b.,  end-bud;  l.p.,  lateral  process;  p.d.,  pri- 
mary duct;  e.d.,  secondary  duct;  t.d.,  tertiary  duct;  tr.d.,  terminal  duct. 

In  figures  3  to  6  (from  wax  reconstructions  of  the  newborn) 
the  intra-epidermal  portion  of  the  primary  duct  is  not  visible, 
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but  the  primary  duct  is  seen  to  emei^e  from  the  inner  surface 
of  the  epidermal  layer  of  the  skin,  pass  deeply  into  the  tela  sub- 
cutanea  and  suddenly  turn  at  right  angles  after  which  it  lies  paral- 


Fig.  4    Internal  view  of  a  wax  model  reconstructed  from  the  right  third  tho- 
»cic  gland  of  a  newborn  albino  rat.     X  40.     (For  lettering,  see  (ig.  3.) 
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lei  to  the  surface  of  the  skin.  In  most  cases  observed  the  pri- 
mary duct  extends  only  a  short  distance  until  it  divides  into  two 
branches  (secondary  ducts)  nearly  equal  in  size. 

The  extent  of  the  primary  duct  varies  considerably.    For  in- 
stance, in  the  first  thoracic  and  the  last  inguinal  glands  the  pri- 


Fig.  5    laternal  view  of  a  wax  model  reconstructed  from  the  left  firat  inguinal 
gland  of  B,  newborn  albino  rat.     X  40.     (For  lettering,  see  fig.  3.) 

mary  ducts  present  a  rather  extensive  course  before  dividing, 
while  in  the  remaining  glands  they  divide  almost  immediately 
after  making  a  sharp  turn  in  the  tela  subcutanea.  In  figure  4 
(last  thoracic  gland)  the  primary  duct  is  seen  to  divide  into  three 
branches.  This  is  an  exception  to  the  general  rule  that  the  pri- 
mary duct  divides  into  two  branches. 
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As  compared  with  the  primary  duct,  the  secondary  ducts  pre- 
sent a  rather  extensive  coxirse,  after  which  they  break  up  each 
into  two  or  more  branches  (tertiary  ducts).  It  will  be  noticed 
that  at  birth  (figs.  3  to  6)  the  terminal  branches  of  each  tertiary 
duct  vary  from  one  to  three  in  mmiber.  On  the  end  of  most 
terminal  branches  is  a  small  bud-like  enlargement.  These  en- 
largements were  described  as  true  alveoU  by  earlier  investigators, 
but  this  was  found  later  to  be  incorrect.  Billroth  (according  to 
Berka  '11)  doubts  whether  completely  formed  end-vesicles  occiir 
in  yoxmg  human  virgins.  While  he  called  the  terminal  enlarge- 
ments 'real  end-vesicles,'  yet  he  adds  that  they  later  develop 
into  'true  end-vesicles'  and  further  multiply  during  pregnancy. 
Berka  ('11)  states  that  true  alveoli  do  not  occur  in  young  (human) 
virgins.  Similarly  the  terminal  enlargements  found  on  the  milk- 
ducts  of  young  rats  are  not  true  alveoli,  but  are  only  enlai^ed 
growing  processes  corresponding  to  the  end-buds  foimd  in  other 
developing  glands.  The  microscopic  structure  of  these  enlai^e- 
ments  and  the  development  of  true  alveoli  will  be  discussed  in 
a  later  paper  dealing  with  the  histology  of  the  mammary  gland. 

The  question  often  arises  as  to  whether  the  ducts  of  glands 
branch  dichotomously  or  otherwise.  From  the  various  figures  it 
will  be  seen  that  the  more  proximal  parts  of  the  terminal  seg- 
ments usually  follow  the  dichotomous  method,  but  the  distal  por- 
tions, as  stated  above,  may  terminate  as  a  single  duct  or  divide 
into  two  or  three  branches.  In  the  last  thoracic  gland  (fig.  4) 
the  secondary  branches  approach  true  dichotomous  division. 

Anastomoses  occur  between  ducts,  but  they  are  not  very  fre- 
quent in  the  newborn  rat.  Id  the  reconstructions  made  from 
glands  at  birth,  only  two  distinct  anastomoses  occur  (fig.  3). 
However,  others  have  been  observed  in  cleared  preparation  at 
the  same  stage. 

It  will  be  noted  that  along  the  secondary  and  tertiary  ducts 
nxunerous  lateral  buds  occur  (figs.  3  to  6).  Many  more  of  them 
are  present  on  the  distal  than  on  the  proximal  ducts.  Such  buds 
later  form  collateral  branches  destined  to  develop  into  duets 
similar  to  those  already  present.  This  point  will  be  more  clearly 
brought  out  in  the  older  stages. 
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Fig.  6    Internal  view  of  a  wax  model  recoostructed  from  the  left  second  ii 
Kuinal  gland  of  a  newborn  albino  rat.     X  40.     (For  lettering,  see  fig,  3.) 
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A  point  which  has  been  discussed  at  some  length  recently  and 
one  which  has  proved  to  be  of  considerable  importance  in  experi- 
mental work  is  that  of  the  variation  in  the  relative  size  and  de- 
velopment of  the  various  glands  in  the  same  individual,  and  erf 
glpuds  from  different  individuals  of  the  same  age.  Lane*Clay- 
pon  and  Stalling  ('06)  in  working  on  the  growth  and  activity  of 
the  mammary  gland  concluded  that  breast  hyperplasia  of  preg- 
nancy is  caused  by  chemical  substances  formed  in  the  embryo. 
Such  substances  passing  through  the  placenta  into  the  maternal 
blood-stream  cause  growth  of  the  mammary  gland.  To  decide 
definitely  as  to  just  what  tissues  cause  this  growth  Lane-Ciaypon 
and  Starling  injected  extracts  of  placenta,  placenta  and  uterus, 
ovaries,  fetus,  fetus  together  with  the  placenta  and  membranes, 
and  mucous  membrane  of  the  uterus  into  virgin  rabbits.  Some 
of  the  extracts  when  injected  caused  very  little  apparent  change 
in  the  size  of  the  mammary  gland  of  virgins,  while  others  (fetus 
extract,  for  example)  seemed  to  cause  a  marked  development  of 
the  glands. 

Frank  and  Unger  ('II)  in  repeating  certain  of  Lane-Claypon 
and  Starling's  experiments  obtained  different  results,  and  further- 
more found  that  their  own  series  of  experiments  did  not  show 
uniform  results.  Thus  they  concluded  that  some  disturbing  fac- 
tor remained  to  be  accounted  for,  so  they  decided  to  study  more 
carefully  the  anatomy  and  the  physiology  of  the  normal  niam- 
mary  glands  of  the  rabbit.  For  such  study  they  selected  a  num- 
ber of  apparently  virgin  adult  female  rabbits  and  under  the 
necessary  precautions  removed  a  mammary  gland  from  each. 
At  various  intervals  of  time  other  mammary  glands  from  the 
same  animal  were  removed  and  studied.  From  these  experi- 
ments Frank  and  Unger  were  able  to  demonstrate  in  virgin  rab- 
bits changes  which  were  indistinguishable  from  those  seen  at  the 
end  of  the  first  third  of  pregnancy.  Thus  some  physiological 
factor  must  be  involved.  Frank  and  Unger  foimd  a  partial  ex- 
planation for  this  condition  in  an  article  by  Bouin  and  Ancel 
('09)  who  describe  variation  in  the  size  and  appearance  of  the 
rabbit's  mammary  gland  corresponding  to  the  development  of 
the  corpus  luteum.     A  little  later  O'Donoghue  ('12)  showed  that 
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there  is  a  decided  change  in  the  structure  and  size  of  the  mam- 
mary glands  of  Dasyurus  viveninus  when  ovulation  is  not  suc- 
ceeded by  pregnancy. 

A  comparison  of  the  individual  glands  of  the  rat  at  birth  and 
at  two  weeks  (figs.  2  to  6)  will  show  that  there  is  considerable  dif- 
ference in  the  size  and  development  of  the  various  glands  in  the 
same  rat,  sometimes  even  in  the  same  pair  of  glands  (fig.  2). 
It  has  also  been  observed  that  corresponding  glands  from  differ- 
ent rats  of  the  same  age  and  approximately  equal  weights  show 
considerable  variation  in  size  and  complexity  of  structure.  The 
differences  in  size  and  development  observed  by  me  in  the  rat 
are  not  so  marked  as  those  described  by  Frank  and  Unger, 
Boiun  and  Ancel,  and  O'Donoghue.  Yet  they  are  worthy  of 
mention  and  are  certainly  sufficient  to  prove  that  the  normal 
structure  and  variability  under  different  conditions  of  any  part 
of  the  animal  body  should  be  thoroughly  investigated  before 
conclusions  are  drawn  from  experimental  work.  It  is  qmte  pos- 
sible that  such  knowledge  of  the  mammary  gland  of  the  rabbit 
would  have  changed  decidedly  the  conclusions  of  Lane-CIaypon 
and  Starling. 

$.  Growth  of  the  dvcts 

In  the  newborn  rat,  models  were  reconstructed  showing  one 
gland  of  each  of  the  six  pairs  (figs.  3  to  6).  At  two  weeks,  all 
the  glands  are  represented  in  figure  2,  to  show  the  general  topog- 
raphy of  the  ducts.  At  the  other  stages  (1  week,  2,  3,  4,  5,  7 
and  9  weeks,  figs.  7  to  13)  it  is  found  unnecessary  to  reproduce 
all  the  glands,  so  only  the  abdominal  and  inguinal  glands  of  the 
left  side  are  shown.  A  general  description  of  all  glands  at  each 
stf^e  will  be  given,  however. 

Newborn.  The  figures  drawn  from  wax  reconstructions  of  the 
glands  at  birth  (figs.  3  to  6)  show  that  with  few  exceptions  the 
ducts  of  each  gland  in  these  stages  all  lie  approximately  in  the 
same  plane,  parallel  to  the  surface  of  the  skin.  It  was  noticed 
that  in  regions  where  there  are  no  obstructions  the  ducts  spread 
very  freely  and  cover  a  considerable  area.  The  xmobstructed 
ducts  almost  invariably  lie  in  a  single  plane  at  this  stage  of 
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growth.  The  last  thoracic  and  the  abdommal  glands  (fig.  4)  are 
good  examples.  Here,  as  is  readily  seen,  the  integument  is  free 
from  appendages  or  anything  that  would  tend  to  limit  the  uni- 
form spreading  of  the  ducts.  It  was  also  noticed  that  in  regions 
\^here  there  are  obstructions  the  branching  of  the  ducts  is  more 
irregular  and  that  the  ducts  arrange  themselves  so  as  to  lie  in 
more  than  one  plane.  The  best  example  of  this  condition  is 
seen  in  the  last  inguinal  mammary  gland  (fig.  6).  Here  as  pre- 
viously stated  the  nipple  lies  in  the  caudal  part  of  the  inguinal 
region.  To  the  lateral  side  of  this  gland  the  area  available  for 
ramification  of  ducts  is  obstructed  by  the  hind-limb  while  to  the 
medial  side  the  external  urinary  and  genital  organs  limit  the 
area.  This  leaves  only  a  very  narrow  region  free  for  the  distri- 
bution of  ducts.  Consequently,  instead  of  spreading  freely  and 
occupying  a  single  plane,  the  ducts  branch  so  as  to  He  in  three  or 
four  planes,  each  of  which  is  parallel  to  the  surface.  Small  areas 
where  the  growth  of  the  mammary  gland  is  obstructed  by  lym- 
phatic glands  are  shown  in  several  of  the  figures  of  later  stages. 
Thus  the  course,  branching,  and  spreading  of  the  ducts  depend 
largely  upon  the  available  space. 

The  reconstructions  show  that  the  ducts  of  the  abdominal  and 
inguinal  glands  lie  much  deeper  from  the  surface  than  those  of 
the  thoracic  glands.  This  is  probably  due  to  the  absence  of  the 
panniculus  carnosus  muscle  which  may  to  some  extent  prevent 
the  ducts  from  passing  deeply  in  the  thoracic  region.  Also  con- 
siderable fat  is  present  in  the  abdominal  and  inguinal  r^on, 
which  is  apparently  a  very  favorable  substance  for  the  ramifica- 
tion of  ducts. 

First  week.  At  the  end  of  the  first  week  the  ducts  are  not 
much  different  from  those  at  birth  except  that  they  are  slightly 
more  branched.  The  ducts  of  the  first  thoracic  gltuids  give  off 
a  few  branches  which  take  a  caudal  direction;  all  the  other 
branches  of  this  pair  of  glands  pass  cephalad.  The  second  pair 
of  glands  sends  the  ducts  in  a  latero-cephalic  direction,  but 
many  collaterals  are  given  off  some  of  which  take  a  cephalic  while 
others  take  a  caudal  direction.  The  third  thoracic  glands  send 
their  ducts  in  the  same  general  direction  as  the  second.     The 
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greater  number  of  the  collateral  ducts  of  this  gland  pass  so  far 
eephalad  that  only  a  comparatively  small  space  exists  between 
them  and  the  caudal  collaterals  of  the  second  thoracic  gland. 
The  caudal  collaterals  are  few  in  number,  yet  qiute  long. 

The  ducts  of  the  abdominal  glands  (fig.  7),  which  are  most 
branched  of  all,  send  their  branches  in  a  latero-caudal  direction. 
Many  collaterals  are  given  off,  more  of  which  take  a  caudal  than 
a  cephahc  direction.  In  the  case  of  the  first  inguinal  gland,  the 
number  of  collateral  branches  taking  the  cephalic  direction  is 
about  equal  to  the  number  taking  the  caudal  direction.  The 
ducts  of  the  last  inguinal  glands  send  the  majority  of  their 
branches  directly  caudad;  however,  a  few  branches  may  be  seen 
passing  eephalad  toward  the  first  inguinal  gland.  Terminal  end- 
buds  are  very  prominent  on  all  the  glands  at  this  st^e.  Also 
the  small  lateral  buds  are  numerous  but  they  are  largely  confined 
to  the  more  distal  ducts. 

Two  weeks.  Figure  2  represents  all  of  the  mammary  glands  of 
a  rat  at  the  end  of  the  second  week  of  life.  Figures  2  and  8, 
together  with  the  description  given  in  an  earlier  part  of  this 
paper,  render  further  description  unnecessary. 

Three  weeks.  The  three  weeks'  specimen  from  which  figure  9 
was  drawn  shows  less  branching  than  the  one-week  stage,  but 
the  ducts  are  greater  in  diameter.  This  specimen  greatly  em- 
phasizes the  marked  variation  in  the  development  of  the  glands 
in  different  individuals,  since  in  this  instance  the  glands  of  an 
individual  one  week  old  show  greater  development  than  those  of 
another  individual  three  weeks  old.  Also,  as  pointed  out  above, 
the  glands  of  one  side  may  show  more  advanced  stages  of  devel- 
opment than  corresponding  glands  of  the  opposite  side. 

Fottr  weeks.  At  the  end  of  four  weeks  the  first  pair  of  mam- 
naary  glands  does  not  show  a  marked  increase  in  development 
over  the  two-weeks  stage.  One  very  noticeable  difference  m 
that  the  proximal  parts  of  the  secondary  ducts  bear  a  large  nimi- 
ber  of  lateral  buds  similar  to  those  appearing  on  the  distal  parts 
of  the  same  segment  of  the  earlier  stages.  Such  processes  are 
much  less  numerous  on  the  corresponding  parts  of  the  second  and 
third  thoracic  glands.     The  second  glands  in  some  of  tiie  speci- 
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mens  show  a  very  slight  increase  in  development  over  the  two- 
weeks  and  three-weeks  stages.  The  ducts  of  the  third  thoracic 
glands  show  a  much  greater  development  than  has  been  observed 
in  any  of  the  earlier  stages.  The  ramifications  are  so  nuinerous 
that  some  are  seen  to  pass  superficially  while  others  take  a  deep 
course.  This  arrangement  necessarily  takes  them  out  of  the 
plane  of  the  main  ducts.  Thus  from  this  stage  the  ducts  become 
so  crowded  that  it  is  impossible  for  them  all  to  occupy  a  sii^le 
plane,  as  found  at  birth  in  all  except  the  last  inguinal  glands. 
Large  numbers  of  branches  from  the  ducts  in  the  third  thoracic 
gland  also  take  a  cephaUc  course,  which  is  so  extensive  on  the 
right  side  that  they  very  nearly  come  in  contact  with  the  duets 
of  the  second  thoracic  gland.  On  the  left  side  the  interval  be- 
tween the  ducts  of  the  two  glands  is  greater.  Figure  10  shows 
that  the  abdominal  and  inguinal  glands  present  much  richer 
arborizations  than  corresponding  glands  of  earlier  stages.  Some 
lateral  buds  are  developed  on  the  secondary  ducts  yet  they  are 
not  so  munerous  as  in  the  first  thoracic  gland  of  the  same  stage. 
The  general  coiu^e  taken  by  the  ducts  is  the  same  as  that  given 
in  previous  descriptions.  A  well  defined  interval  exists  between 
the  ducts  of  the  abdominal  and  the  first  inguinal  glands.  There 
is  also  a  considerable  space  existing  between  the  ducts  of  the 
first  and  second  inguinal  glands.  However,  the  second  inguinal 
has  sent  numerous  ramifications  in  the  direction  of  the  first  in- 
guinal gland. 

Five  weeks.  Diuing  the  fifth  week  the  ducts  increase  very 
rapidly  in  length.  Also  a  great  many  new  branches  spring  from 
the  more  distal  ducts  of  the  glands.  The  first  thoracic  gland  is 
much  more  eompUcated  than  in  any  of  the  previous  stages  studied. 
Between  the  ducts  of  this  and  those  of  the  second  thoracic  gland 
a  wide  interval  still  exists.  The  interval  between  the  ducts  of 
the  second  and  those  of  the  third  thoracic  glands  has  lai^Iy 
disappeared  on  both  sides,  there  being  a  shght  overlapping  of  a 
few  of  the  ducts  from  each  gland.  In  the  specimens  observed, 
however,  there  are  no  anastomoses  present  between  the  ducts  of 
the  two  glands. 
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During  this  week  the  abdominal  and  inguinal  glands  (fig.  11) 
also  undergo  very  rapid  development.  Thisis  especially  note- 
worthy in  view  of  the  fact  that  the  body  weight  of  the  rat  from 
which  the  gland  at  five  weeks  was  drawn  was  practically  the 
same  as  that  of  the  rat  used  at  four  weeks  (fig.  10).  The  dueta 
of  the  abdominal  and  first  inguinal  glands  at  five  weeks  (fig. 
11)  interlace  very  intricately.  With  the  aid  of  the  microscope 
(especially  the  binocular)  one  can  be  reasonably  sure  that  many 
of  the  ducts  simply  overlap,  there  being  no  anastomoses.  How- 
ever, there  are  areas  in  which  it  is  impossible  to  decide  definitely 
as  to  whether  true  anastomoses  occur.  This  holds  true  in  all 
the  later  stages.  Further  investigations  are  necessary  to  deter- 
mine this  point  concerning  anastomosis.  In  this  same  week  the 
ducts  of  the  second  inguinal  glands  on  each  side  have  grown 
cephalad  to  meet,  and  in  some  places  even  overlap,  the  ducts  of 
the  first  ingiunal.  Here  the  overlapping  is  not  very  compU- 
cated  and  one  can  see  distinctly  that  no  anastomoses  occur. 
The  ducts  of  the  second  inguinal  gland  taking  a  caudal  direction 
branch  very  profusely. 

Six  weeks.  At  the  end  of  the  sixth  week  the  glands  do  not 
differ  greatly  from  the  five-weeks  stage.  Some  of  the  glands, 
the  abdominal  for  example,  show  greater  development.  Others, 
as  the  second  inguinal,  reveal  no  increase;  in  fact,  in  some  speci- 
mens they  are  less  developed  than  those  of  the  five-weeks  stage. 
The  terminations  of  the  ducts  of  the  first  and  second  inguinal 
glands  are  separated  from  each  other  by  considerable  space. 

Seven  weeks.  In  the  seventh  week  stage,  the  caudally  directed 
ducts  of  the  first  thoracic  gland  have  made  considerable  advance 
toward  the  cephalically  directed  ducts  of  the  second  thoracic 
gland.  However,  they  are  still  separated  by  a  space  of  five  to 
eight  millimeters  in  width.  As  in  some  of  the  previously  de- 
scribed stages  the  ducts  of  the  second  and  third  thoracic  glands 
overlap.  The  branching  of  the  ducts  of  these  glands  is  somewhat 
more  complicated  at  this  stage.  The  abdominal  and  inguinal 
glands  (fig.  12)  present  very  complicated  systems  of  ducts;  also 
the  overlapping  between  the  ducts  of  the  first  and  second  ingiu- 
nal glands  is  very  marked  at  this  time. 
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Eight  weeks.  In  the  eight-weeks  specimena,  the  first  and  sec- 
ond thoracic  glands  have  increased  to  such  an  extent  that  their 
ducta  overlap.  This  overlapping  may  occur  on  one  side  only, 
there  being  an  interval  between  the  corresponding  ducts  of  the 
opposite  side.  Concerning  the  other  glands  of  tiiis  stage,  very 
httle  need  be  said  except  that  the  duets  have  increased  in  length 
and  new  branches  have  been  added.  It  should  be  pointed  out 
that  at  this  stage  the  rat  possesses  only  four  distinct  masses  of 
mammary  gland  tissue.  All  of  the  thoracic  glands  of  each  side 
have  their  ducts  so  interlaced  as  to  form  one  apparently  solid 
mass  of  ducts.  Also  the  abdominal  and  inguinal  glands  of  each 
side  axe  so  matted  together  that  no  dividing  line  exists  t>etweeD 
th^n. 

Nine  and  ten  weeks.  The  nine  and  the  ten-weeks  stages  (see 
fig.  13)  show  a  tremendous  increase  in  development  over  the 
previously  described  stages.  The  ducts  have  spread  out  to  cover 
a  much  larger  area.  Not  only  is  the  overlapping  of  ducts  more 
complicated  but  each  gland  has  produced  a  large  number  of 
medial  and  lateral  branches.  For  example,  some  of  the  medial 
ducts  of  the  first  thoracic  glands  of  each  side  have  grown  so 
near  to  the  mid-line  that  only  a  narrow  space  separates  them. 
In  the  case  of  the  first  inguinal  glands  the  medial  ducts  actually 
reach  the  mid-line,  and  a  slight  overlappii^  of  the  ducts  of  oppo- 
site sides  occurs.  The  medial  ducts  of  the  second  inguinal  glands 
almost  surround  the  va^a,  the  ducts  from  the  opposite  sides 
very  nearly  meeting  in  the  mid-line  both  cephalad  and  caudad  to 
the  vagina.  At  this  stage  the  proximal  or  secondary  ducts  also 
bear  lai^e  numbers  of  short  collateral  ducts  which  have  devel- 
oped from  the  lateral  buds  mentioned  in  the  earlier  stages. 

It  is  frequently  stated  that  from  birth  to  puberty  the  human 
milk-ducts  undergo  very  little  development,  merely  keeping  pace 
with  the  general  body-growth.  At  puberty  an  abrupt  change 
Uke  that  affecting  the  entire  organism  is  said  to  occur.  So  far 
as  the  rat  is  concerned,  an  examination  of  figures  2  and  7  to  13 
will  show  that  in  the  virgin,  from  birth  to  the  age  of  ten  weeks, 
there  are  apparently  two  periods  when  the  increase  in  the  mam- 
mary gland  ducts  is  somewhat  marked.     The  first  period  occurs 
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about  the  fourth  and  fifth  weeks.  Whether  there  are  definite 
factors  causing  this  first  increase  has  not  been  determined.  It 
is  possible  ih&t  it  is  due  to  individual  variation.  It  does  not 
appear  to  be  due  to  any  greater  relative  increase  in  the  body 
weight  at  this  period,  and  is  of  doubtful  significance. 

The  second  and  more  important  period  of  increase  in  the  mam- 
mary gland  occurs  about  the  ninth  week.  Donaldson  ('15)  states 
that  the  female  rat  arrives  at  the  age  of  puberty  about  60  to  70 
days  after  birth,  the  gonads  indicating  sexual  maturity  at  the 
^e  of  two  months  or  less.  Jackson  ('12)  however,  found  preg- 
nancy to  occur  in  one  case  at  the  age  of  seven  weeks.  Lantz 
('10)  cites  from  Buckland  a  case  where  a  white  rat  is  said  to 
have  given  birth  to  H  young  at  the  age  of  e^t  weeks  (and  which 
accordingly  must  have  become  pregnant  at  the  age  of  five  weeks). 
These  are  very  exceptional  oases,  however. 

Jackson  ('12)  states  that  the  vaginal  aperture  does  not  appear 
xmtil  the  middle  or  end  of  the  second  month.  There  is  consid- 
erable individual  variation  on  this  point.  The  average  taken 
from  fifteen  observations  by  me  is  8.3  weeks.  Therefore,  the 
marked  increase  in  the  development  of  the  mammary  glands  of 
the  rat  between  the  eighth  and  ninth  weeks  evidently  corresponds 
closely  with  the  age  of  puberty.  Thus  the  second  marked  in- 
crease in  the  size  of  the  mammary  glands  is  readily  accotmted 
for. 

3.  Lumen  of  the  ducts 

The  time  of  appearance  and  method  of  formation  of  the  lumina 
of  the  milk-ducts  in  various  animals  have  been  desribed  by  vari- 
ous authors.  In  the  albino  rat  at  birth  a  small  irregular  slit- 
like lumen  is  present  in  the  primary  duct  (fig.  14).  This  lumen 
when  traced  proximally  disappears  in  the  intra-epidermal  por- 
tion of  the  primary  duct,  but  when  traced  distally  becomes 
continuous  with  the  more  regular  rounded  lumen  of  the  second- 
ary ducts.  The  tertiary  and  in  fact  all  of  the  remaining  ducts  at 
birth  possess  lumina  throughout  their  entire  extent.  The  ter- 
minal buds  also  present  distinct  lumina  to  within  20  or  30  micra 
of  their  distal  extremities.     The  lumen  of  each  bud  does  not 
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appear  greater  in  diameter  than  that  of  other  parts  of  the  ducts 
but  the  walls  of  the  bud  are  usually  considerably  thickened.  In 
some  places  the  lumina  of  the  ducts  at  birth  are  partially  filled 
with  substance  which  resembles  colostrum. 

At  the  end  of  the  first  week,  the  liunen  is  considerably  lai^er 
and  extends  farther  into  the  intra-epidermal  segment.  Con- 
siderable quantities  of  the  substance  mentioned  above  are  pre- 
sent in  the  lumina  of  all  segments  of  the  ducts. 

Figure  16  shows  that  the  limien  opens  on  the  surface  of  tiie 
nipple  at  two  weeks.  At  this  stage  it  is  lai^er  and  more  oval 
throughout  the  primary  duct  than  in  the  previously  described 
stages. 

In  other  stages  up  to  the  tenth  week  no  marked  differences 
were  observed  except  that  the  lumina  gradually  become  larger 
as  the  ducts  increase  in  size  (fig.  17).  No  true  alveoU  were  ob- 
served, yet  the  end  buds  in  the  later  st^es  are  changed  some- 
what in  appearance  so  as  to  approach,  or  at  least  suggest,  begin- 
ning alveoh.  In  all  the  st^es  more  or  less  of  the  substance 
mentioned  in  the  earUer  stages  was  observed.  This  agrees  with 
findings  of  Berka  C'U),  who  describes  particles  of  fat  in  the 
human  ducts  even  in  the  later  virgin  st^es.  He  thinks  the 
source  of  this  fat  is  the  colostrum  secretion  of  the  newborn  and 
that  it  lies  in  the  ducts  for  years. 

4.  Growth  of  the  nipple 

Owing  perhaps  to  the  fact  that  the  rat  is  bom  in  a  somewhat 
immature  state,  the  nippies  show  only  slight  development  at  the 
time  of  birth.  In  the  newborn  the  nipple  can  be  recognized  by 
the  naked  eye  only  with  difficulty,  the  nipple  areas  appearing 
slightly  lighter  than  the  surrounding  tissue.  A  section  through 
the  nipple  area  at  this  stage  reveals  the  fact  that  it  is  only  very 
slightly  elevated  above  the  surface  of  the  skin  (fig.  14).  The 
epithehum  of  this  area  is  considerably  thickened  and  the  figure 
reveals  an  epitheUal  ingrowth  on  each  side  of  the  thickened  por- 
tion. Reconstructions  show  that  these  epithelial  projections 
are  continuous  around  the  nipple  area  and  that  through  them  a 
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definite  epithelial  hood  is  formed,  as  shown  in  figures  3  to  6. 
Through  this  hood,  which  is  filled  with  loose  connective  tissue, 
the  primary  duct  passes  on  its  way  toward  the  surface. 

Very  little  change  takes  place  in  the  appearance  of  the  nipple 
during  the  first  week  of  postnatal  life.  From  the  surface  the 
nipple  areas  appear  slightly  more  elevated  than  at  birth.  Fig< 
lire  15,  drawn  from  a  section  cut  very  obliquely,  shows  that  the 
thickened  area  of  epithelium  has  become  more  extensive,  also 
that  the  epithelial  projections  (ingrowth)  are  slightly  longer. 

During  the  second  week  the  nipple  develops  very  rapidly.  It 
is  no  longer  necessary  to  speak  of  it  as  the  nipple  area,  since  from 
its  size  and  shape  it  now  resembles  a  true  nipple.  Figure  16 
shows  the  nipple  at  the  age  of  two  weeks  to  be  a  very  prominent 
structure  with  the  epithelial  projections  (ingrowth)  correspond- 
ingly well  developed.  At  this  stage  the  primary  duct  actually 
pierces  the  surface.  As  previously  stated,  the  nipples  are  very 
conspicuous  externally  toward  the  end  of  the  second  week  of 
life,  and  from  the  tenth  to  the  fourteenth  days  it  was  foimd 
easier  to  observe  the  glands  externally  than  at  any  other  time 
during  the  virgin  state.  During  the  third  week,  the  nipples  be- 
come hidden  by  the  development  of  the  hair  coat. 

Figure  16  also  shows  that  at  the  age  of  two  weeks  a  sulcus 
is  beginning  to  appear  between  the  nipple  and  the  skin  of  the 
surrounding  region.  This  sulcus  is  immediately  supjerficial  to 
the  epithelial  ingrowth  mentioned  above.  Beyond  the  two- 
weeks  stage  (up  to  ten  weeks)  no  changes  have  been  observed  to 
take  place  in  the  nipple,  except  that  it  slowly  increases  in  size. 
This  is  shown  m  a  nine-weeks  stage  (fig.  17)  in  wtiich  the  struc- 
ture is  similar  to  that  in  figure  16,  the  chief  difference  being  one 
of  size. 


The  results  of  the  present  investigation  of  the  growth  and 
gross  relations  of  the  ducts  and  the  nipples  of  the  albino  rat  from 
birth  to  the  tenth  week  may  be  sxmimarized  as  follows: 

1.  Observations  made  on  100  rats  show  the  number  of  glands 
varies  between  10  and  13,  the  normal  number  being  12  (6  pairs). 
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Only  one  supemmnerary  gland  was  observed.     The  second  tho- 
racic glands  are  those  most  often  absent. 

2.  Only  one  primary  duct  is  present  in  each  gland.  This  duct 
after  reaching  the  tela  subcutanea  turns  at  right  angles  and  pur- 
sues a  course  parallel  to  the  surface  of  the  skin.  The  majority 
of  the  branches  of  ducts  belonging  to  the  first  thoracic  gland 
lie  cephalad  to  the  nipple,  while  those  from  the  second  and  third 
thoracic  glands  he  latero-cephalad  to  the  nipple.  In  case  of  the 
abdominal  and  first  inguinal  glands  the  greater  mmiber  of  the 
ducts  lie  latero-caudad  to  the  nipples,  while  in  the  last  inguinal 
the  ducts  he  caudad  to  the  nipples.  The  dichotomous  method 
of  branching  frequently  occurs,  especially  in  the  proximal 
branches. 

3.  Reconstructions  and  cleared  preparations  show  that  anas- 
tomoses sometimes  occur  between  the  ducts  of  a  single  gland. 
It  is  uncertain  whether  anastomoses  occur  between  the  ducts  of 
different  glands. 

4.  End-buds  are  present  on  a  large  number  of  terminal  ducts 
at  all  stages  studied.  No  true  alveoli  were  observed.  Large 
numbers  of  lateral  buds  are  present  on  tha  sides  of  all  ducts  dis- 
tal to  the  primary  duct  during  the  earUer  stages.  Such  lateral 
buds  later  develop  into  branches  of  the  ducts. 

5.  Considerable  individual  variation  in  the  development  of 
the  glands  was  noticed.  Not  only  do  the  corresponding  glands 
of  opposite  sides  differ  in  their  degree  of  development,  but  also 
the  glands  of  one  individual  may  be  better  developed  than  those 
of  another  even  several  days  older. 

6.  The  characteristic  distribution  and  ramification  of  the 
ducts  apparently  depend  upon  the  space  available  for  their 
growth. 

7.  The  growth  and  branching  of  the  ducts  goes  on  at  an  unu- 
sually rapid  rate  about  the  ninth  week,  probably  corresponding 
to  the  age  of  puberty. 

8.  A  distinct  lumen  is  present  at  birth  in  all  the  ducts  distal 
to  the  intra-epidermal  ptortion  of  the  primary  duct.  At  the  end 
of  the  second  week  the  lumen  extends  to  the  surface  of  the 
nipple. 
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9.  The  periphery  of  the  nipple  area  is  marked  by  a  hoodlike 
epitheUal  ingrowth.  The  nipples  make  the  most  rapid  growth 
during  the  second  week,  toward  the  end  of  which  time  they  are 
very  conspicuous. 
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EXPLANATION  OF  FIGURES 

7  Drawn  from  a  cleared  preparation  (internal  view)  of  an  albino  rat  one 
week  old  (weight  8.5  grama)  to  show  distribution  and  relations  of  ductfi  of  left 
abdominal  gland  (,A);  left  first  inguinal  gland  (B);  and  left  second  inguinal  gland 
(C).  X  5.  A.n.,  abdominal  nipple;  I.n.l,  I.n.S,  1st  and  2d  inguinal  nipples;  p.d., 
primary  duct;  s.d.,  secondary  duct;  t.d.,  tertiary  duct;  Ir.d.,  terminal  duct;  e.b., 
end-bud;  c,  collateral  duct. 

8  Same  as  figure  7,  but  from  an  albino  rat  two  weeks  old  (weight  15.5  grama). 
X  5. 

6     Same  as  figure  7,  but  from  an  albino  rat  three  weeks  old  (weight  30  grams). 
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lU  Drawn  from  a  cleared  preparation  (internal  view)  of  an  albino  rat  four 
weeks  old  (weight  53  grama)  to  show  distribution  and  relations  of  ducts  of  lefl 
abdominal  gland  {A);  left  first  inguinal  gland  (_B),  and  left  second  inguinal  gland 
(C).  X  5.  A.n.,  abdominal  nipple;  I.n.l,  I.n.t,  Ist  and  2d  iDguina)  nipples: 
p.d.,  primary  duct;  e.d.,  secondary  duct;  l.d.,  tertiary  duct;  tr,d.,  terminal  duct: 
e.h,,  end-bud;  L,  lympb-node. 

11  Same  as  figure  10,  but  from  an  albino  rat  five  weeks  old  (weight  54  gremp'. 
X  6. 
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12  Drawn  from  B.  cleared  preparation  {internal  view)  of  on  albino  rat  aeven 
weeks  old  (weight  75  grame)  to  show  distribution  and  relations  of  ducta  of  left 
abdominal  gland,  first  inguinal  gland,  and  second  inguinal  gland.  X  5.  A.n., 
abdominal  nipple;  I.n.t,  I.n.t,  let  and  2d  inguinal  nipples;  L,  lymph-node;  p.d., 
primary  duct;  s.d.,  secondary  duct;  l.d.,  tertiary  duct;  c,  collateral  duct;  Ir.i., 
terminal  duct;  e.h,,  end-bud. 

13  Same  as  figure  12,  but  from  an  albino  rat  nine  weeks  old.  (Weight  lU-h 
grams.)     X  6. 
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Lettering  for  ligures  14  to  17  as  follows:  ep.in.,  epitheliul  ingrowth  of  the  nip- 
ple; A./.,  hair  follicle;  l.d.,  lactiferous  (primary)  duct;  m.,  muscle;  n.a.,  nipple 
area;  s,  sulcus  at  base  of  nipple, 

14  Drawn  from  a  section  through  the  nipple  area  of  the  second  inguinal  gland 
of  a  newborn  albino  rat.     X  67. 

15  Drawn  from  a  section  through  the  nipple  area  of  the  second  inguinal  gland 
of  an  albino  rat  one  week  old,     X  67. 

16  From  a  section  through  the  nipple  area  of  the  second  inguinal  gland  of  an 
albino  rat  two  weeks  old.     X  67. 

17  From  a  section  through  the  nipple  of  the  second  inguinal  gland  of  an  albino 
rat  nine  weeks  old.     X  67. 
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I.  INTRODUCTION 

In  spite  of  numerous  investigationa,  many'  questions  concern- 
ing the  development  of  the  thyroid  gland  are  still  unsettled. 
This  applies  particularly  to  the  morphogenesis  of  the  thyroid 
follicles.  The  various  and  contradictory  views  in  the  hterature 
on  the  development  of  the  follicles  are  doubtless  due  in  part  to 
lack  of  adequate  series  of  successive  embryonic  stages  (especially 
of  human  embryos)  available  for  study.  The  greatest  difficulty, 
however,  has  arisen  from  the  use  of  inadequate  methods  of 
investigation.  The  method  hitherto  almost  exclusively  used, 
that  of  direct  observation  of  the  microscopic  sections,  is  insuffi- 
cient. By  the  use  of  reconstruction  methods,  however,  it  has 
been  found  possible  in  the  present  study  to  reach  a  satisfactory 
solution  of  this  difficult  and  important  problem,  at  least  regard- 
ing some  of  the  more  fimdamentat  features. 

This  study  was  imdertaken  in  the  Anatomical  Laboratory  of 
the  University  of  Minnesota  at  the  su^estion  of  Prof.  G.  M. 
Jackson,  under  whose  supervision  the  work  was  conducted.  I 
wish  to  thank  Dr.  Jackson  for  his  valuable  aid  and  criticism. 
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II.  LITERATURE 

The  literature  conceming  tiie  thyroid  follicle  will  be  consid- 
ered in  chronological  order.  First,  it  is  desirable  to  mention 
briefly  the  varioiis  views  which  have  been  held  conceming  the 
morphology  of  the  adidt  (human)  thyroid  follicle.  Then  fol- 
lows a  brief  statement  of  the  conclusions  conceming  follicle  de- 
velopment (uicluding  also  prefollicular  stages),  which  have  been 
arrived  at  by  the  observers  who  have  worked  upon  human  ma- 
terial. A  few  observations,  made  on  lower  forms,  which  have 
seemed  especially  pertinent  to  the  present  problem,  are  also  in- 
cluded. Unless  otherwise  indicated,  however,  all  statements 
refer  to  hxmian  material. 

The  follicular  structure  of  the  adult  human  thyroid  gland  has 
long  been  known.  According  to  Bo^chat  ('73),  Lalouette  (1750), 
who  was  the  first  to  describe  the  minute  stmcture  of  the  thyroid 
gland,  found  vesicles  which  seemed  to  communicate  with  each 
other.  Bardeleben  ('41)  is  said  by  Zeiss  ('77)  to  have  been  the 
first  to  describe  the  adult  thyroid  follicles  as  isolated  structures. 
Five  yeaxs  earlier,  however,  Jones  ('36)  described  the  thyroid 
follicles  in  considerable  detail  as  completely  closed  vesicles. 
Although  there  has  been  considerable  disagreement  concerning 
the  structure  of  the  adult  thyroid  follicle,  the  majority  of  the 
later  observers  have,  like  Jones,  described  the  vesicles  of  the 
adult  gland  as  closed,  spheroidal  bodies.  Cruveilbier  ('43), 
Virchow  ('63),  and  more  recently  Bo^ehat  ('73),  Zeiss  ('77),  and 
Hitz^  ('94),  however,  have  followed  Lalouette  in  describing 
the  follicles  as  forming  a  system  of  branched  and  communicat- 
ing cavities  within  the  gland.  Still  others,  like  StreifT  ('97), 
have  maintained  that  both  branching  forms  and  isolated  vesicles 
occiu*  in  the  adult  gland. 

Jones  ('36),  who  was  perhaps  the  first  to  describe  the  micro- 
scopic structure  of  the  human  fetal  thyroid,  found  that  in  a  fetus 
of  four  and  one-half  months  tite  cells  of  the  gland  had  become 
partially  arranged  into  solid,  globular  masses;  but  no  veacles 
were  observed  at  this  stage. 


,d.y  Google 


MOBPHOQENESIS   OF  THE   FOLLICLES  413 

Remak  ('55)  described  in  cbick  embryos  in  the  wall  of  the 
primitive  saccular,  epithelial  thyroid  anl^e  the  fonnatiou  of 
thickenings  which  become  separated  and  later  give  rise  to  the 
thyroid  follicles.  He  also  thought  that  the  original  saccular 
anlage  might  persist  for  some  time  and  form  new  secondary 
vesicles  by  a  process  of  constriction.  He  described  similarly  the 
origin  of  secondary  follicles,  both  by  constrictions  and  by  solid 
budding,  in  the  thyroid  of  pig  fetuses  four  inches  and  above  in 
length. 

P^raneschko  ('67)  described  the  division  of  primary  into  sec- 
ondary follicles  in  mammalian  fetuses.  Colloid  is  described  as 
arisii^  partly  by  secretion  and  partly  by  colloid  metamorphosis 
of  epithelial  cells. 

W.  MuUer  ('71)  described  a  developmental  stage  in  which 
the  thyroid  consists  of  a  network  of  cylindrical  tubes.  Such 
tubes  were  foimd  in  a  24  mm.  fetus  and  in  decreasing  numbers 
in  later  fetuses  and  even  in  a  three  year  old  child.  These  tubes 
arise  from  solid  epithelial  cords  by  the  development  of  a  central 
lumen.  The  segmentation  of  the  tubes  with  the  formation  of 
the  gland-vesicles  is  produced  by  ingrowth  from  the  mesoblast. 

Horcioka  ('80)  found  the  thyroid  gland  of  a  four  months'  fetus 
to  be  made  up  for  the  most  part  of  solid  cell  masses  with  a  be- 
ginning of  liunen  formation  in  the  central  cells  of  these  masses. 
Typical  gland  structure  is  foimd  after  the  fifth  fetal  month. 

Wdlfler  ('80)  described  the  formation  of  follicles  from  solid 
masses  of  epithelial  cells.  Toward  the  end  of  the  fetal  period 
and  after  birth  the  peripheral  cells  of  the  groups  dispose  them- 
selves in  a  circle.  The  central  cells  become  at  first  granular, 
then  d^enerate  and  disappear  in  the  pale,  graniilar  mass 
which  fills  the  lumen  of  the  vesicle  thus  formed. 

L.  Stieda  ('81)  noted  that  the  anastomosii^  epithelial  cords 
('Epithelstrange')  of  the  embryonic,  mammalian  thyroid  are  at 
first  always  solid,  but  that  in  the  ends  of  these  cords  Itmiina 
appear,  and  the  resultant  vesicles  are  gradually  constricted  off. 

Baber  ('81)  described  the  fully  formed  follicle  as  spheroidal 
in  form,  but  observed  also  branchii^  follicles  which  are  prob- 
ably giving  rise  to  secondary  follicles  by  a  process  of  division. 
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Wolfler  ('83)  described  the  process  of  later  development  in 
the  human  thyroid  gland  as  centrifugal.  He  distinguished  a 
cortical  and  a  medullary  portion,  which  axe  respectively  young- 
est and  oldest,  least  developed  and  most  developed  portions. 

His  ('85)  described  in  the  thyroid  gland  of  an  embryo  (Zw) 
between  16.5  and  22  mm.  in  length  cells  grouped  to  form  acini 
or  tubes.  The  inner  ends  of  the  cells  have  a  light,  colloidal 
appearance. 

Biondi  ('89)  foxmd  that  the  (postnatal)  thyroid  vesicle  dis- 
charges its  contents,  collapses  and  finally  rearranges  itself  in  the 
form  of  a  number  of  small  acini  which  repeat  the  process.  He 
held  that  the  colloid  arises  by  cell  secretion,  and  not  by  cell 
degeneration. 

Ribbert  ('89)  described  a  centrifugal  growth  of  the  thyroid  in 
embryos  and  newborn.  Follicle  are  formed  by  the  outgrowth 
of  solid  buds  or  sprouts  from  the  old  folUcles. 

Lustig  ('91),  who  studied  the  thyroid  gland  in  the  pig  and 
other  animals,  affirmed  that  colloid  and  follicles  appear  syn- 
chronously as  the  result  of  the  degeneration  of  the  central  cells 
of  the  pre&dstii^  solid  masses. 

Podack  ('92)  found  well  formed  folhcles  in  a  fetus  of  five 
months.  In  some  paria  of  the  gland  the  follicular  structure  is 
only  suggested  and  many  cell-masses  and  cell-cords  are  present. 

Marshall  ('93)  found  that  the  thyroid  in  chick  and  frog  em- 
bryos presents  a  stage  in  which  the  gland  is  made  up  of  com- 
municating, epithelial  tubes.  In  the  rabbit  he  d^cribed  the 
presence  of  out-growths,  some  solid  and  some  hollow,  from  Hxb 
primitive  epithelial  anh^e.  In  the  human  embryo:  "At  an 
early  stage  the  lobes  are  excavated  by  a  munber  of  detached 
cavities,  which  become  the  vesicles  of  the  adult  thyroid." 

Zielinska  ('94)  found  the  structure  of  the  thyroid  in  newborn 
children  variable  both  in  size  and  number  of  the  folUcles,  and 
also  in  the  amount  of  soUd  cell  masses.  The  relations  "emnem 
an  acinose  Drfisen  imd  erwecken  den  Gedanken,  dass  hier  ein 
sich  verastelnder  Drtisenkanal  vorhegt,  als  dessen  Endblaschen 
die  soUde  ZeUhaufen  gelten  konnen." 
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Hfirthle  ('94)  described  in  the  thyroid  of  yoiing  dogs  scattered 
masses  of  iut^ollicular  epithelium,  in  which  new  (primary) 
follicles  arise  by  the  secretion  of  coUoid  into  the  angles  between 
adjacent  cells. 

Anderson  ('94)  described  secondary  follicles  (postnatal)  aris- 
ing from  the  collapsed  epithehum  of  emptied  follicles  in  various 
mammals.  The  new  lumina  are  formed  by  cell-secretion  of 
chromophile  spherules. 

According  to  L.  R.  Mtiller  ('96),  the  origin  of  small  secondary 
follicles  from  the  lai^er  follicles,  as  described  by  Ribbert  ('89) 
is  cleariy  evident,  even  in  the  human  adult. 

Toumeux  and  Ve^d^m  ('97)  in  a  careful  study  of  the  branchial 
derivatives  in  the  himian  embryo  described  the  transformation 
of  the  (median)  thyroid  plate  (and  later  of  the  lateral  thyroid 
anlage)  into  a  richly  anastomosing  network  of  solid  epithelial 
cords  by  ingrowth  of  vascular  connective  tissue  in  a  14  mm. 
embryo.  This  network  was  likewise  observed  in  embryos  of 
19  nmi.  to  37  mm.  in  lei^h.  At  37  mm.,  the  cords  become 
varicose,  and  foUicles  develop  by  the  formation  of  a  cavity 
within  each  of  the  enlargements.  A  similar  process  of  morpho- 
genesis is  described  in  the  rabbit  embryo  by  Souli4  and  Verdun 
('97). 

Streiff  ('97)  made  wax  reconstructions  of  normal, .  adult 
human  thyroid  tissue,  and  found  it  to  be  made  up  of  closed  fol- 
licles, ovoidal  or  spindle  shaped.  Branched  forms  due  to 
budding  or  to  secondary  fusion  were  also  described;  some  of  these 
more  complex  forms  he  thought  may  represent  persistent  branch- 
ii^,  a  continuation  of  the  embryonic  process.  He  concluded 
that  the  thyroid  arises  as  a  branched  tubtilar  gland,  the  follicles 
being  formed  by  constriction  of  the  tubes. 

Schreiber  ('98),  in  a  fetus  of  three  months,  found  the  thyroid 
gland  for  the  most  part  arranged  into  follicles  which  contained 
much  colloid. 

Kiirsteiner  ('99)  in  fetuses  from  8  to  30  cm.  in  length  found 
the  thyroid  lobules  made  up  of  round  or  elongated,  solid  or 
hollow  follicles.  The  lumina  are  few  in  number  up  to  about  20 
cm.,  but  in  the  older  fetuses  they  are  numerous  and  evenly 
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distributed  throughout  the  gland.  Some  branching  vesicles 
were  also  noted  at  17.5  cm. 

Prenant  ('01)  (p.  13)  stated  tiiat  in  the  embryonic  thyroid  the 
solid  epitheUal  cords  are  transformed  into  a  network  of  tubes 
from  which  the  folUcles  arise  by  a  process  of  constriction. 

Von  Ebner  C'02)  found  numerous  well  developed  follicles  in 
older  fetuses  and  newborn.  Between  the  follicles  are  found, 
even  in  the  adult,  frequent  solid  strings  and  nests  of  epithelial 
cells,  which  are  in  the  majority  durii^  development. 

Elkes  ('03),  who  studied  the  thyroid  in  fetuses  from  four  and 
one-half  to  six  and  one-half  months  in  ^e,  found  that  it  pre- 
sents both  solid  cords  and  well  developed  follicles  in  variable 
number.  In  the  newborn  the  earlier  foUicles  have  lai^ely 
disappeared,  leaving  only  a  few  at  the  periphery  of  the  gland. 

Hertwig  ('10)  (pp.  444-446)  described  in  the  embryonic  thy- 
roid anastomosing  epithelial  cylinders.  These  become  tubular; 
varicose  dilations  are  by  ingrowth  of  the  adjacent  connective 
tissue  cut  off  to  form  the  permanant  folUcles. 

Isenschmid  ('10)  found  that  in  the  thyroid  of  children  the 
gland  grows  not  only  by  the  increase  in  the  size  of  the  folUcles, 
but  by  the  formation  of  new  foUicles  by  two  methods:  budding 
and  divkion.  He  found  no  evidence  that  foUicles  are  formed 
from  solid  cell-masses  (intaioUicular  epitheUum)  retained  from 
the  embryonal  period. 

According  to  Hessdberg  ('10):  "Die  AusbUdung  der  Thy- 
reoidea  in  der  fotalen  Periode  erfolgt  diu-ch  ZerfaU  der  urspriing- 
hch  soliden  Zellplatte  in  solide  Zellstrange.  Diese  schnuren 
sich  zu  Blaschen  ab,  die  zuerst  am  kaudalen  Pol  auftreten." 
The  normal  structure  of  the  thyroid  is  established  from  the 
fourth  fetal  month  on.  Desquamation  of  epithelial  cells  was 
foimd  in  about  half  of  the  cases  from  the  seventh  to  the  ninth 
fetal  month,  and  the  folUcles  are  almost  entirely  obUterated  in 
the  newborn.  During  the  6rst  week  of  postnatal  life  the  fol- 
licles are  reformed  and  increase  in  number  by  a  process  of 
budding. 

Prenant  and  Bouin  ('11)  give  an  account  of  the  development 
of  the  median  thyroid  anlage  similar  to  that  given  by  Pre- 
nant ('01). 


,d.y  Google 


MORPHOGENESIS   OF   THE   FOLUCIiEB  417 

Broman  ('11)  described  in  the  differentiation  of  the  thyroid 
anlage  a  tubular  stage  transformed  by  constrictions  into  beaded 
chains  and  finally  into  separate  foUicles. 

According  to  Grosser  ('12),  the  thyroid  anlage  begins  to  sepa- 
rate into  solid  cords  in  the  human  embryo  of  8  mm.  In  the  50 
mm.  fetus  the  cords,  especially  in  the  periphery,  appear  beaded. 
The  beaded  cords  become  divided  into  separate  cell-masses,  the 
aniages  of  the  follicles.  The  limiina  may  appear  as  independent 
cavities  (no  tubular  stage),  before  the  follicles  are  detached,  or 
they  may  arise  later  even  in  early  postnatal  life. 

Simpson  ('12)  referred  to  the  tubular  structure  of  the  thyroid 
and  describes  the  gland  of  a  seven  months  old  child  as  tubular 
in  character. 

Aschoff  ('13)  stated  that  in  the  developing  thyroid  gland  con- 
nective tissue  separates  round  epithelial  balls  from  the  anasto- 
mosing cords,  and  it  is  in  these  'balls'  that  the  folUcular  lumina 
develop. 

Sobotta  ('15)  described  the  first  lumina  as  appearing  in  the 
peripheral  parts  of  the  lateral  thyroid  lobes  in  a  fetus  50  mm.  in 
length.  The  final  breaking  up  of  the  cell  cords  into  single 
groups,  which  will  later  form  follicles,  progresses  very  gradually, 
so  that  the  final  structxire  of  the  gland  is  arrived  at  only  after 
birth.  Iiiterfollicular  ^ithelixmi  persists,  which  may  later  give 
rise  to  foUicles. 

Kingsbury  ('15)  in  describing  the  early  development  of  the 
thyroid  states  that  Imuina  (foUicular  cavities)  appear  within  the 
cell  cords  in  fetuses  of  32  mm.,  but  colloid  is  not  demonstrable 
until  40  mm. 

III.  MATERIAL  AND  METHODS 

This  study  is  based  upon  the  collection  of  human  embryos  in 
the  Anatomical  Laboratory  of  the  University  of  Minnesota. 
Several  of  the  series  used  are  in  excellent  condition  for  histo- 
logical study.  The  embryos  of  the  collection  have  been  vari- 
ously fixed  and  stained.  The  additional  glands  specially  pre- 
pared have,  for  the  most  part,  been  fixed  in  Formol-Zenker; 
embedded  in  paraffin,  sectioned  at  10//;  mounted  serially  and 
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stained  with  alum-haematoxylin  and  eosin,  or  iron-haonatoxy- 
lin  and  eodn. 

Besides  the  specimens  mounted  in  the  collection,  other  glands 
from  newborn  children  and  from  children  in  the  early  years  of ' 
life  were  obtained  at  autopsy.  These  were  used  mo-ely  for  pur- 
poses of  comparison,  and  have  neither  been  listed  below,  nor 
discussed  in  this  paper. 

The  following  table  shows  the  materials  used  in  this  work. 
The  embryos  and  fetuses  used  are  arranged  in  the  order  of  their 
crown-rump  lengths.  'Minn.  E.  C  refers  to  the  Minnesota 
Embryological  Collection.  An  asterisk  (*)  following  the  num- 
ber signifies  that  the  thyroid  gland  alone  was  sectioned.  Other- 
wise the  entire  embryo  was  available  in  serial  sections. 

The  ordinary  reconstruction  methods,  both  plastic  (Bom's 
wax-plate  method)  and  graphic,  were  utilized  in  the  present 
study.  In  all  cases  where  a  determination  of  the  follicular  form 
or  structure  was  attempted,  special  precautions  were  observed ' 
in  making  the  reconstructions  as  accurate  as  possible. 

The  drawings  for  reconstruction  were  made  with  the  camera 
lucida  on  transparent  paper.  After  the  drawing  were  com- 
pleted, those  of  successive  sections  were  superimposed  upon  a 
tracing-table,  and  each  epithelial  structure  in  the  section  given 
a  letter  or  number.  The  drawings  were  controlled  by  careful 
microscopic  observations,  to  determine  the  frequently  comph- 
cated  relations  of  neighboring  follicles.  By  this  method  it  was 
possible  to  determine  with  certainty  what  the  limits  of  any  par- 
ticular mass  or  follicle  might  be. 
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IV.  MORPHOGENESIS  OP  THE  THYHOID  FOLLICLE 
a.  PrefoUicular  period 

A  brief  consideratiou  of  the  thyroid  gland  in  the  prefolUcular 
period  la  essential  to  an  uodeistanding  of  the  follicular  develop- 
ment. For  it  is  during  this  prefolUcular  pmod  that  the  anU^ee 
of  the  primitive  folhcles  are  derived  from  the  ori^ual  epithelial 
mass;  and,  to  a  certain  extent  at  least,  the  size,  form,  and  ar- 
rangement of  the  earUer  follicles  are  thereby  predetermined. 

The  earlier  well-known  stages  in  the  development  of  the 
(median)  thyroid  anlage  in  the  human  embryo  are  not  consid- 
ered in  the  pres^it  paper.  The  or^;inal  thyroid  diverticulum 
becomes  detached  and  transformed  into  a  small  ^ithelial  plate, 
well  shown  in  the  6  mm.  embryo  (No.  1  of  the  present  series). 
This  and  several  succeeding  prefolUcular  stages  of  the  thyroid 
were  carefully  reconstructed  by  Bom's  wax-plate  method,  but 
for  the  present  purposes  it  is  unnecessary  to  %ure  or  describe 
these  models. 

As  is  weU  known,  the  (median)  thyroid  epithelial  plate  soon 
presents  irregularities,  as  shown  in  the  7.5  mm.  embryo  (No.  2), 
and  rapidly  becomes  transformed  into  what  appears  in  cross- 
sections  to  be  (as  heretofore  almost  universaUy  described)  a 
network  of  anastomosing  epithelial  cords. 

With  the  details  of  this  process  of  transformation  the  present 
study  is  not  concerned.  One  feature  of  the  end  result,  however, 
which  comes  out  clearly  in  the  reconstructed  models,  is  that  the 
cord-Uke  appearance  seen  in  the  sections  is  lai^ely  an  illusion. 
FundamentaUy  the  plate-like  structure  of  the  thyroid  anlage 
persists  for  a  considerable  time,  although  somewhat  modified  by 
a  compUcated  process  of  fenestration,  spUtting,  and  budding 
during  the  growth  of  the  primitive  epithelial  plate.  The  re- 
sultant structure  consists  essentiaUy  in  a  mass  of  insular, 
branching  and  fenestrated  plates,  for  the  most  part  longitudlnaUy 
arranged  (paraUel  to  the  long  axis  of  the  body),  so  that  in  cross- 
section  they  appear  as  'cords'  of  epithelial  cells  (fig.  1).  This 
type  of  structure,  with  varying  degrees  of  complexity  is  found 
in  the  various  prefolUcular  stages  of  embryos  from  about  10  mm. 
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to  22  mm.  in  length.     (Nxmibers  3,  4,  5,  6,  7,  8,  9,  10,  11,  12, 
13,  14,  16,  16,  17,  18  of  the  present  series.)  Mn    |W 

Such  a  description,  however,  does  not  apply  to  the  so-called 
lateral  thyroid  anlage  (ultimobranchial  body).  As  described  by 
Toumeaux  and  Verdun  ('97)  and  others,  this  body  long  remaiia 


Fig.  I  Semi-diagr&mmatic  drawing  (camera  tucida  outlines)  of  a  trans- 
veree  fiectioa  through  the  left  lateral  lobe  of  the  thyroid  gland  and  neighboring 
structures  from  a  human  fetus  22  mm.  long  (No.  IS).    This  shows  the  complex 

interrelation  of  the  smooth  epithelial  plates  (.PI.)  (which  appear  as  'cords'  in 
the  section)  and  the  vascular  mesenchyme  (Mea.)  found  in  the  interspaces  be- 
tween them.  The  apparently  detached  epithelial  masses  (Ma.)  shown  are  sec- 
tions through  projections  from  plates  located  in  the  upper  part  of  the  isthmus 
of  the  gland.    B.V.,  blood  vessel;  M.,  muscle;  L.,  larynx;  C,  cartilage.     X  133. 

as  a  compact,  deeply  stainii^  mass  of  epithelium  (the  'inner 
condensation'  of  Kingsbury  '14)  on  the  dorso-medial  aspect  of 
each  lateral  lobe.  Whether  in  the  himaan  thyroid  the  lateral 
anlage  later  atrophies  or  finally  becomes  transformed  into  per- 
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manent  thyroid  tissue  is  still  uncertain.  This  region  ia  there- 
fore purposely  excluded  from  the  following  descriptions,  which 
apply  primarily  to  the  process  of  motphogenesis  in  the  struc- 
tures derived  from  the  median  thyroid  anlage. 

The  thyroid  gland  in  the  final  stage  of  the  prefoUicular  period 
is  shown  in  a  fetus  of  22  mm.  (No.  18).  This  stage  will  be  de- 
scribed in  some  detail,  in  order  to  make  clear  the  subsequent 
process  of  morphogenesis  of  the  thyroid  folhcles.  When  studied 
in  sections,  the  thyroid  at  this  stage  is  seen  to  be  made  up  appar^ 
ently  of  epithelial  'cords'  which  are  interrelated  in  a  complex 
manner  (fig.  1).  A  loose,  anastomosing  network  is  thus  fonned, 
the  interspaces  of  which  are  filled  with  a  vascular  mesenchymal 
tissue  (fig.  1).  The  'cords'  are,  in  general,  only  two  cells  in 
width,  a  feature  characteristic  of  the  thyroid  plate  and  its 
derivatives  at  various  stages. 

Upon  reconstruction  (%8.  11  and  12)  it  is  found  that  the  epi- 
thelial network  seen  in  sections,  and  described  by  so  many  ob- 
servers as  consisting  of  'rods'  or  'cords,'  is  merely  a  section  of 
flat,  slab-like  plates,  or  bands,  representing  portions  t 
trated  plates.  It  is  true  that  some  few  of  the  epithelial  i 
are  actually  cord-like  in  form,  but  by  far  the  greater  munba" 
are  better  described  as  bands  or  plates.  A  definition  of  terms 
is  necessary  at  this  point.  The  term  'plate'  will  be  used  to  sig- 
nify a  stnictiu-e  of  relatively  slight  thickness,  presenting  expan- 
sive stuiaces  which  are  more  or  less  smooth,  and  which  may  or 
may  not  be  perforated  (fenestrated).  A  band  is  a  narrow 
plate.  Therefore  a  fenestrated  plate  may  be  considered  as 
made  up  of  a  number  of  anastomosing  bands.  There  is  great 
variabihty  in  the  way  in  which  these  plates  and  bands  are 
arranged.  Some  are  mere  slabs,  which  may  or  may  not  be  per- 
forated; others  form  irregular  prisms  or  rounded  cylinders, 
which  open  at  both  ends  into  the  surrounding  mesenchyme. 
The  length  and  width  of  these  plates  is  also  quite  variable.  In 
three  respects,  however,  they  are  in  general  agreement.  They 
are  two  cells  thick;  present  f^ly  smooth  surfaces;  and  are 
longitudinally  placed.  Within  these  epithelial  bands,  (fenes- 
trated plates)  the  primitive  foUicles  of  the  thyroid  t^and  develop. 
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b.  Follicular  period 

A  thyroid  follicle  will  be  defined  as  a  completely  closed  sac 
whose  wall  is  usually  made  up  of  only  a  single  layer  of  epithelial 
cells.  This  definition  includes  all  the  features  of  the  folUcle 
which  may  be  regarded  as  absolute  and  constant.  The  size  and 
shape  of  the  foUicle  may  vary,  and  great  differences  are  foxmd  in 
these  respects  in  folhcles  of  the  same  gland  as  well  as  in  follicles 
of  fetuses  at  differeDt  stages.  Typically  the  thyroid  follicle  may 
be  considered  spherical  or  spheroidal  in  shape;  but,  as  will  appear 
later,  this  type  is  subject  to  considerable  variation.  The  term 
primary  folhcle  will  be  used  to  include  those  follicles  develop- 
ii^  independently  of  preexistii^  foUicles.  The  follicles  derived 
from  preexisting  folhcles,  by  budding  or  otherwise,  are  termed 
secondary  follicles. 

In  the  present  series,  the  first  primary  thyroid  foUicles  appear 
in  a  fetus  24  mm.  in  crown-rump  length  (No.  20).  In  this  fetus 
the  thyroid  gland  has  essentially  the  same  structure  as  has  that 
of  the  last  (No.  18)  described  in  the  prefoUicular  period,  i.e.  it 
is  made  up  chiefly  of  longitudinally  placed  epithelial  plates  or 
bands,  only  two  cells  in  thickness.  But  in  this  stage,  the  plates, 
which  have  in  previous  st^es  been  characterized  by  compara- 
tively smooth  surfaces,  now  present  surfaces  which  are  more  or 
less  roughened  by  the  appearance  of  scattered  Mllocks  or 
mounds  (figs.  13  and  14).  They  are  placed  very  irregularly 
with  respect  to  one  another,  and  may  appear  for  the  first  time 
,  in  any  part  of  a  plate,  at  its  periphery  or  in  a  more  central 
region. 

When  studied  in  cross  sections  (figs.  2  and  3)  it  is  found  that 
these  hillocks  are  the  immediate  anlages  of  the  early  tiiyroid 
follicles.  It  is  further  seen  that  the  hillocks  are  apparently  pro- 
duced by  the  concurrence  of  four  different  processes  in  the  epi- 
thelium. The  first  process  is  that  of  cell  rearrai^ement,  the 
second  that  of  cell  proliferation,  the  third  that  of  absolute  cell 
growth,  and  the  fourth  that  of  lumen  formation.  These  proc- 
esses, although  described  separately,  may  occiir  simultaneously. 

The  first  d-,Darture  from  the  two-celled  plate  arrangement,  in 
the  process  ofiollicle  formation,  is  found  in  a  rearrai^ement  of 


,d.y  Google 


424 


EDQAB   H.   NORRIB 


the  cells  of  the  plate  (fig.  3).  The  cell  outlines  can  be  made 
out  only  with  difficulty  in  most  cases.  But  in  those  places 
where  they  can  be  seen,  they  bound  cells  which  are  more  or  less 
columnar  in  fonn.  The  nuclei  are  ovoidal  or  eUiptical  in  out- 
line and  are  placed  with  their  long  axes  perpendicular  to  the  sur- 
face of  the  plate.  Here  and  there  along  the  course  of  the  plate 
(fig.  3)  it  will  be  noticed  that  some  of  the  nuclei  have  shifted 
their  axes  and  have  changed  their  relative  positions.  Certain  of 
the  nuclei  have  rotated  through  an  arc  of  90  degrees  so  that  their 
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Fig.  2  Semi-diagrammatic  drawing  (camera  lucida  outlines)  of  a  section 
through  the  right  lateral  lobe  of  the  thyroid  gland  and  neighboring  structures 
of  a  human  fetus  30  mm.  long  (No.  30).  Shows  epithelial  plates  developing 
rough  Burf&ces;  also  early  follicles  in  various  stages  of  separation  from  the  plates- 
Note  the  general  increase  in  width  of  the  plates  as  compared  with  those  shown 
in  figure  1,  and  the  swellings  and  conatrictions,  giving  '  beaded  chain'  appearance. 
Cap.,  capillary;  F0I.L.,  follicle  lumen;  S.Ep.Pt.,  smooth  epithelial  plate; 
R.Ep.Pl.,  rough  epithelial  plate;  Met.,  mesenchyme;  C.,  cartilage;  L.,  larynx. 
X  133. 
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Fig.  3  Sm»ll  portion  of  a  eroos  eection  of  the  thyroid  gluid  in  a  humui 
fetus  30  nun.  long  (No.  30),  magnified  to  show  the  cell  structure.  The  location 
of  the  section  is  indicated  (a-b)  in  figure  14.  Note  the  appearance  of  lumina 
(L.)  in  buda  (£.)  from  the  surface  of  the  plate  as  welt  aa  in  swelliaga  along  its 
course  (L').  In  the  upper  left  hand  corner  a  section  through  one  of  the  hoUoir 
epithelial  prisma  is  seen  (Ep.P.).    Mei.,  mesenchyme.     X  400. 

Fig.  4  Drawing  of  a  section  through  follicle  'd'  in  figure  16.  Note  the  irreg- 
ular form  of  the  follicle,  both  the  lumen  (£>.)  and  the  wall.  Met.,  mesenchyme; 
S.B.,  solid  bud.     X  400. 

Fig.  6  Drawing  of  a  section  through  on  epithelial  plate  taken  at  the  level 
marked  a-b  in  figure  7.  Sfe».,  mesenchyme;  L.,  lumen;  Cap.,  capillary;  Ep.T., 
epithelial  tag.     X  400. 
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long  axes,  in  their  final  position,  are  at  r^t  angles  to  their  or^- 
nal  position  in  the  plate.  As  a  result  of  thiB  shifting  process,  httle 
circlets  (really  spheres)  of  nuclei  are  formed  in  the  plate. 

This  shifting  of  nuclei  is  but  the  visible  expression  of  ihe 
changed  position  of  the  cell.  For  while  it  is  impossible  to  ob- 
serve the  cell  boundaries  in  most  cases,  it  is  hardly  probable 
that  the  nuclei  shift  their  axes  independent  of  the  cytoplasm; 
moreover,  the  few  faint  cell-boundaries  which  may  be  made  out 
show  the  same  changes  in  position  as  do  the  nuclei.  -Further,  it 
is  usually  found  that  at  the  point  from  which  a  nucleus  has 
shifted  toward  the  center  of  the  plate  a  slight  depression  appears 
on  the  surface  of  the  plate,  indicatii^  that  the  cytoplasm  has 
shared  equally  with  the  nucleus  in  the  movement.  From  these 
three  facts  it  may  be  concluded  that  the  first  process  manifested  in 
follicle  formation  is  the  shifting  of  the  axes  of  certain  cells  of  the 
epithelial  plate  through  an  arc  of  90  degrees.  There  is  no  evidence 
that  the  depressions  on  the  surface  of  the  epithelial  plate  are  due 
to  invasions  or  activity  of  the  adjacent  mesenchyme  (fig.  3). 

This  process  results  in  the  transformation  of  the  smooth  sur- 
faces of  the  bands  {fenestrated  plates)  into  surfaces  which  are 
somewhat  roughened.  The  irregularities  are  apparently  not,  at 
first,  due  to  swellings  on  the  plates,  but  rather  to  the  slight  in- 
dentations produced  by  the  shifting  of  certain  cells  toward  the 
center  of  the  plate  as  above  described.  When  studied  m  cross 
sections  (fig.  2)  such  a  plate  appears  as  a  sort  of  beaded  chain, 
with  alternate  sweUings  and  constrictions.  But,  as  noted 
above,  the  initial  swellings  due  to  this  process  are  only  apparent 
and  are  actually  not  greater  in  thickness  than  is  the  plate  in 
other  parts  of  its  extent  where  indentations  have  not  yet 
occiuTed. 

The  extraordinary  cellular  activity  of  the  epitheUum  at  this 
stage  is  clearly  manifested  by  the  lai^e  niunber  of  mitotic  figures 
to  be  seen.  There  is  no  section  of  the  gland  in  the  24  nun. 
fetus  (No.  20)  which  does  not  present  several  cells  in  process  of 
mitosis.  But  the  localization  of  these  mitoses  is  even  more  sig- 
nificant than  is  their  number.  It  will  be  noticed  that  the 
nuclear  figure.^  are  usually  foimd  only  in  those  places  in  the 
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epithelial  pktes  where  actual  thickenings  on  the  plates  are 
beii^  formed.  Therefore  the  little  mounds  which  appear  on 
the  plates,  as  the  umnediate  anlages  of  the  early  follicles,  may- 
be formed  not  only  by  the  rearrangement  of  the  already  existir^ 
cells  of  the  epithelial  plates,  but  also  by  the  formation  of  new 
cells  as  well.  Consequently,  it  can  easily  be  seen  how  the  ap- 
parent swellings  on  the  plates,  produced  by  the  rearrangement 
of  the  existing  cells,  may  be  transformed  into  actual  swellings, 
by  the  absolute  increase  in  number  of  the  cells  found  in  a  local- 
ized area.     These  swellings  become  roughly  spheroidal  in  form. 

The  third  process  referred  to  above  is  the  absolute  increase  in 
size  of  the  cells.  While  the  cells  are  shiftily  their  axes  and  pro- 
liferating, they  are  also  growing  in  size.  This  fact  results  in 
the  appearance  seen  in  figure  2,  where  the  soUd,  two-celled 
plates  are  found  in  some  cases  to  be  no  greater  in  cross  section 
than  the  one-celled  plate  which  surrounds  the  follicle  lumen.  It 
might  be  thought  tiiat  the  cells  do  not  actually  increase  in  size, 
but  only  increase  in  height  by  a  closer  crowdii^  together.  But 
a  study  of  ^ure  3  will  show  that  such  is  not  the  case.  For  the 
cells  are  not  more  closely  packed  together  in  the  newly  formed 
follicles  than  they  are  in  the  two-celled  plate. 

This  progressive  increase  in  the  height  of  the  cells  corre- 
sponds to  the  progressive  stages  in  the  differentiation  of  the  two- 
celled  plate  into  newly  formed  follicles.  So  that  the  thyroid 
gland  of  a  30  mm.  fetus  (No.  30)  presents  in  different  regions 
epithelial  cells  varying  greatly  in  hei^t.  The  lowest  cells  are 
found  at  the  beginning  of  the  process,  in  the  two-celled  plate; 
the  highest  being  found  at  the  other  extreme,  in  the  completely 
formed  follicle. 

Three  of  the  four  processes  above  mentioned  as  apparently 
involved  in  the  evolution  of  the  foUicle  from  the  epithelial  plate 
have  now  been  reviewed  in  detail.  The  formation  of  the  lumen 
remains  to  be  considered.  Just  preceding  the  appearance  of  the 
lumen,  the  spherule  (in  which  it  is  about  to  develop)  appears  in 
cross  section  as  a  circlet  of  very  tall  columnar  cells,  whose 
nuclei  are  peripherally  placed.  This  arrangement  results  in  the 
fonnation  of  a  striking  picture.     The  nuclei  are  regularly  placed 
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at  the  periphery  of  the  circle  and  fonn  a  dark  band,  which 
aiuTounds  an  expansive,  clear,  central  cytoplaemic  portion. 
The  magnitude  of  this  cytoplasmic  area  and  the  diarp  contrast 
between  the  two  portions  (in  the  stained  preparations)  are 
usually  strikii^  features  (fig.  3).  It  is  in  the  center  of  this  cyto- 
plasmic area  that  the  lumen  makes  its  appearance  as  a  tiny 
spherical  space  outlined  by  a  definite  and  r^iilar  mai^.  It  is 
as  though  the  cells  had  but  drawn  a  little  apart,  so  that  their 
central  ends,  instead  of  remaining  in  contact  one  with  another, 
might  be  separated  by  an  interval.  The  relation  of  ike  early 
lumina  to  one  another  is  well  shown  in  figure  6,  which  is  a 
graphic  reconstruction  of  a  plate.  It  is  important  to  note  that 
no  tubular  stage  is  found  in  the  process  of  lumen  formation. 
The  liunina  appear  as  absolutely  independent  spaces. 

As  the  lumina  first  appear  they  apparently  have  no  content; 
but  tmdoubtedly  they  contain  some  substance  which  is  not 
stained  with  the  ordinary  methods,  and  which  increases  in 
amount  witii  tiie  size  of  tiie  follicular  cavity.  Certain  of  the 
larger  lumina  (not  all  of  them),  which  are  perhaps  older,  are 
found  to  contain  a  hazy,  granular  substance.  Typical  colloid 
does  not  appear  until  later,  in  the  60  mm.  stage  (No.  40). 

The  various  possibilities  as  to  methods  by  which  the  follicular 
lumen  may  arise  will  be  considered  later  in  the  discussion. 

Fig.  6  A  graphic  reconstruction  (surface  view]  of  parts  of  two  fenestrated 
epithelial  pUtes  from  the  thyroid  gland  of  a  humsA  fetus  30  mm.  long  (No.  30) 
to  show  the  relative  position  of  the  lumina  {Fol.L.)  as  they  appear  in  the  pl»te. 
Lumina  indicated  by  stippled  areas.  Note  that  in  all  coses  these  early  lumim 
are  quite  distinct  and  never  connected  with  one  another.  Per/.,  perforation. 
X267. 

Fig.  7  A  graphic  reconstruction  of  a,  number  of  epithelial  masses  from  the 
thyroid  gland  of  a  human  fetus  60  mm.  long  (No.  40).  Note  the  various  defEreea 
in  the  breaking  up  of  the  plates  and  the  relative  positions  of  the  lumina.  »-h 
indicates  level  of  section  in  figure  5.     X  267. 

Fig.  8  A  graphic  reconstruction  of  a  follicular  complex  shown  in  the  lower 
part  of  figure  17.  Lumina  indicated  by  stippled  areas.  Note  the  solid  buds. 
X287. 

Fig.  9  Model  (reoonstructed  by  Bern's  wax-plate  method)  of  a  large  follicle 
from  the  peripheral  part  of  the  lateral  lobe  of  the  thyroid  gland  in  a  human 
fetuB  60  nun.  long  (No.  40).  The  three  buds  showu  have  lumina  comrounicnt- 
ing  with  the  lumen  of  the  main  follicle.     X  287. 
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From  the  time  of  their  first  appearance,  considerable  varia- 
bility in  the  size  of  the  lumina  foimd  in  any  particular  gland  is 
to  be  noted.  The  first  isolated  follicles  are  found  in  the  more 
peripheral  parts  of  the  thyroid  gland,  and  it  is  in  these  r^ons 
that  they  first  attain  large  size  and  considerable  complexity. 
For  some  time  after  the  formation  of  follicles  has  begun,  all 
stages  previously  described  may  be  found  in  different  parts  of 
the  same  gland,  a  considerable  portion  of  which  retains  the 
irregular  plate-like  type  of  structure  characteristic  of  the  pre- 
folUcular  stages. 

In  the  foregoing  account,  the  cell  masses  in  which  the  lumina 
develop  have  been  described  as  spherules  whose  cross  section  is 
circular  in  outline.  While  this  is  true  for  typical  follicles  and  in 
most  cases,  some  variation  within  comparatively  narrow  limits 
is  found.  Ovoidal  or  somewhat  irregular  foUicles  occur,  but 
these  are  not  more  numerous  than  would  be  expected  in  a  rapidly 
growing  tissue. 

The  foregoing  descriptions  of  the  early  primary  foUicles  have 
been  taken  in  large  part  from  obsra-vations  made  on  two  fetuses, 
one  of  24  mm.  (No.  20)  and  one  of  30  mm.  (No.  30).  The  ex- 
cellent condition  of  these  specimens  has  made  possible  studies 
of  considerable  detail.  The  manbers  of  the  series  (Nos.  21,  22, 
23,  24,  25,  26,  27,  28,  29)  intervening  between  these  two,  al- 
though not  favorable  for  such  intensive  studies,  show  substan- 
tially similar  structure.  These  stages  may  be  summarized  very 
briefly.  The  comparatively  smooth  epithelial  plates  of  the  pre- 
foUicular  period  have  been  transformed  into  plates  with  rough 
surfaces.  The  roughenings  on  the  plates  are  the  early  indica- 
tion of  the  foUicles  about  to  be  formed.  With  the  progressively 
increasing  number  of  foUicles  the  plates  are  transformed  into 
irregular  bands,  which  in  turn  give  rise  to  groups  of  soUd  or  hol- 
low masses  of  eeUs.  In  the  30  mm.  stage,  however,  the  thyroid 
gland  is  still  largely  made  up  of  anastomosing  bands  (fenes- 
trated plates)  (figs.  3,  6,  13,  14),  although  some  entirely  isolated 
foUicles  are  found. 

While  the  fetus  is  increasing  in  length  from  30  mm.  to  50  mm. 
the  thyroid  gland  presents  merely  a  continuation  of  the  process 
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above  described;  so  that  by  the  time  the  50  mm.  stage  is  reached 
the  band  or  plate  formations  are  relatively  insigmficant,  while 
the  isolated  epithelial  masses  make  up  the  greater  part  of  the 
organ.  All  stages  in  the  breakii^  up  of  the  bands  or  plates  may 
still  be  found,  however.  At  this  stage  (50  mm.)  the  gland  is 
therefore  characterized  by  the  presence  of  few  epithelial  plates  ■ 
or  bands,  very  many  isolated,  solid  cell-masses  (anlages  of  fol- 
licles) and  relatively  few  well  developed  foUicles. 

At  56  mm.  (No.  39)-  the  thyroid  gland  presents  slightly  more 
foUicles  than  at  50  mm.  Not  only  are  the  follicles  increased  in 
number,  but  they  also  show  some  changes  in  both  size  and  form. 
In  the  previous  stages  the  follicles  have  ranged  from  16  to  55  ^ 
in  diameter  (average  diameter  about  40  n),  and  have  been  typi- 
cally spherical  in  form.  But  in  this  stage  many  of  the  foUicles 
at  the  periphery  of  the  gland  have  enlarged  considerably  and 
have  departed  from  the  more  usual  spherical  form  of  previous 
stages.  This  condition  is  more  strikingly  seen  in  the  next  fetus 
of  the  series  (60  mm.,  No.  40)  where  both  increase  in  size  and 
change  in  form  of  the  follicles  are  very  evident  (fig.  15).  The 
number  of  follicles  at  this  stage  appears  about  equal  to  the  num- 
ber of  solid  epithelial  masses.  Figure  7  is  a  graphic  recon- 
.  struction  of  a  number  of  epithelial  masses  from  which  follicles 
are  being  formed  and  of  certain  isolated  foUicles.  A  study  of 
sections  at  this  stage  wiU  show  foUicles  situated  at  the  periph- 
eral portions  of  the  lobe  whose  diameters  are  three  or  even  four^ 
or  five  times  as  lai^e  as  those  of  greatest  magnitude  located 
more  centraUy.  The  average  diameter  of  the  centrally  placed 
follicles  is  about  15  microns,  while  the  average  diameter  of  the 
folUcles  in  the  peripheral  regions  is  approximately  55  microns. 
There  is  much  less  absolute  variation  in  the  size  of  the  central 
foUicles  than  in  those  of  the  periphery.  Centrally  placed  fol- 
licles range  from  13  to  17  microns,  while  peripherally  placed 
follicles  range  from  20  to  103  microns  in  diameter.  It  wiU 
further  be  seen  that  these  same  lai^e  peripheral  foUicles  are 
quite  irregular  in  form.  Instead  of  being  circular  in  outline, 
they  have  a  more  or  less  regularly  elliptical  or  ovoidal  form,  and 
may  present  a  number  of  soUd  or  hollow  buds.     Figure  9  rep- 


,d.y  Google 


4aU  EDGAB  H.    NORRI8 

resents  a.  reconstruction  of  a  typical  one  of  these  large  budding 
follicles.  Figiire  7  is  a  graphic  reconstruction  of  a  number  of 
epithelial  masses  found  in  the  thyroid  gland  of  the  60  mm.  fetuB 
(No.  40)  to  demonstrate  stages  in  the  breakii^  up  of  the  plates 
and  the  formation  of  isolated  follicles,  which  are  present  at  thia 
time. 

The  65  mm.  fetus  (No.  41)  is  the  first  member  of  the  series  in 
which  practically  no  epithelial  plates  or  bands  are  found.  From 
this  stage  on  through  the  reniainder  of  the  series  the  thyroid 


Fig.  10  Micropbot^reph  of  a  portion  of  &  cross  section  of  the  thyroid  Bl*n<) 
in  ft  human  fetus  86  ntm.  long  (No.  44).  Not«  tlte  numerous  branching  follielea, 
also  the  elongated  follicles  in  various  stages  of  division  by  constriction.  This 
■ection  is  in  the  region  of  the  reconstruction  shown  in  figure  15.     X  100. 

gland  is  made  up  almost  entirely  of  independent,  soUd  or  hol- 
low, more  or  less  irregular  epithelial  cell-masses.  The  stages 
(Nos.  42  and  43)  included  between  this  embryo  and  the  one  of 
86  nun.  (No.  44)  may  be  passed  over  briefly  with  the  statonent 
that  the  processes  of  budding  and  formation  of  new  follicles  as 
previously  described  are  advancing  rapidly  parallel  witii  the 
increasing  length  of  the  fetus. 

The  86  mm.  fetus  (No.  44)  deserves  special  attention  for  it 
exhibits  what  appears  to  be  the  culmination  of  the  budding  proc- 
esses referred  to  above.     A  study  of  figure  10  reveals  the  ex- 
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treme  complexity  of  the  gland  at  Has  stage.  The  hollow  and 
solid  epithelial  masses  are  about  equal  in  number.  The  ex- 
treme variability  in  the  form  of  the  follicles  is  the  most  striking 
feature  (figs.  4,  10  and  16),  and  the  reconstructions  reveal  more 
clearly  the  complexity  of  these  structures  than  is  apparent  in 
sections.  Elongated  follicles  with  numerous  hollow  or  solid 
buds,  as  well  as  numerous  varieties  of  other  more  or  less  com- 
plex arrangements  are  to  be  seen.  The  whole  pictiire  is  one  of 
active  growth.  There  is  great  variability  in  the  size  of  the  fol- 
licles, the  largest  being  for  the  most  part  located  in  the  periph- 
eral zone;  but  the  extreme  variation  in  the  foUicuIar  form  makes 
absolute  measurements  for  comparison  of  folhcles  of  little  value. 

This  condition  of  the  gland  prevails  in  the  remaining  members 
of  the  series,  up  to  and  including  the  158  mm.  fetus  (Nos.  45,  46, 
47,  48,  49).  There  are  but  two  differences  to  be  noted.  In  the 
first  place,  the  relative  number  of  follicles  is  increasing  from 
stage  to  stage,  so  that  by  the  time  the  fetus  is  158  mm.  in 
length,  the  follicles  in  number  are  far  in  excess  over  the  solid, 
interfollicular  masses.  Secondly,  the  number  of  irregular  and 
complex  forms,  although  still  occurring,  is  becoming  fewer  (fig. 
17),  and  the  sphnoidal  follicles  are  relatively  niuuerous. 

The  thyroid  of  the  163  mm.  fetus  (No.  50)  has  quite  a  different 
structure  from  that  described  for  the  members  of  the  series  just 
preceding  (Nos.  44,  45,  46,  47,  48,  49).  The  irregular  and 
branching  follicular  complexes  are  comparatively  few  in  num- 
ber, while  small,  spherical  follicles  make  up  almost  the  whole 
of  the  tissue.  There  are,  however,  a  few  solid,  interfollicular 
epithelial  masses  still  present  at  this  stage.  The  picture  has 
changed  from  one  in  which  the  epithelial  structures,  instead  of 
being  complex  in  their  form,  have  become  relatively  simpler  in 
charact^  and  for  the  most  part  are  organized  into  small 
follicles. 

My  material  from  this  stage  on  up  to  and  including  newborn 
children  shows  to  a  greater  or  less  extent  the  process  of  epithe- 
lial desquamation  in  the  thyroid  folUcIes  as  described  by  Elkes 
('03),  Hesselberg  ('10),  Isenschmid  ('10)  and  others.  Whether 
this  process  is  physiological  or  pathological  is  as  yet  imdeter- 
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mined.  Because  the  material  at  hand  is  not  sufficient  to  war- 
rant the  drawing  of  any  conclusions  in  this  matter,  it  is  not 
listed  with  the  materials  nor  discussed  in  this  paper. 

In  four  of  the  fetuses  studied  (Nos.  40,  42,  43,  and  44)  a 
number  of  cyst-like  follicles  located  in  all  cases  in  the  lower  and 
posterior  (dorsal)  part  of  the  lateral  lobe,  were  observed.  Some 
of  these  follicles  measure  as  much  as  200  microns  in  diameter. 
The  size  of  these  structures  is  not  much  greater  than  that  of  some 
of  the  larger  normally  appearing  folhcles.  But  in  structure  they 
are  quite  different,  having  walls  made  up  of  very  much  flattened 
epithelial  cells,  whose  nuclei  cause  the  cells  to  bulge  and  are 
separated  from  one  another  by  much  greater  distances  than  is 
the  case  with  the  nuclei  in  the  more  usual  follicles.  The  lumina 
of  these  cysts  are  quite  regularly  circular  in  outline  and  in  many 
cases  contain  a  granular  substance.  It  is  as  thou^  a  follicle 
had  been  greatly  distended,  the  cells  of  the  wall  being  stretched 
and  flattened. 

Fig.  11  Model  (reconstructed  by  Born's  wax-pUte  method)  of  the  left  lat- 
eral lobe  of  the  thyroid  gland  from  a  human  fetus  22  mm.  long  (No.  18).  Antero- 
lateral surface  view  to  show  the  perforated  (fenestrated)  plates,  which  present 
a  relatively  smooth  surface.  Line  <t-b  indicates  the  level  of  the  section  shown  in 
figure  1,  and  the  level  at  which  the  model  waa  divided  to  show  the  relations 
pictured  in  figure  12.  The  carotid  arteries  are  shown  on  the  right  hand  side  of 
the  figure.     X  150. 

Fig.  12  The  lower  section  of  the  model  pictured  in  figure  11.  The  upper 
portion  has  been  removed  in  order  to  demonstrate  the  relations  to  the  gland 
mass  of  the  appearances  found  in  cross  section.  The  separation  of  the  two 
portions  is  made  at  the  level  of  the  section  shown  in  figure  I  and  indicated  (a-b) 
in  figure  11.     X  160. 

Fig.  13  Model  (reconstructed  by  Bom's  wax-plate  method)  of  the  upper 
portion  of  the  left  lateral  lobe  of  the  thyroid  gland  from  a  human  fetus  30  mm. 
long  (No.  30).  Plates  are  more  broken  up  than  in  figure  1 1  and  present  surfaces 
which  are  relatively  rough  and  irregular.  The  upper  parathyroid  (P.)  ifl  shown. 
Lateral  view.     X  100. 

Fig.  14  Model  (reconstructed  by  Bom's  wax-plate  method)  of  a  part  of  a 
plate  from  the  thyroid  gland  of  a  human  fetus  30  nun.  long  (No.  30)  at  a  higher 
magnification,  to  demonstrate  more  exactly  than  shown  in  figure  13  the  appear- 
ance and  relations  of  the  mounds  forming  on  the  surface  of  the  plate.  The 
plane  a~b  indicates  the  position  of  the  section  shown  in  figure  3.  Lateral  view. 
X  266. 
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V.  DI8CU88I0N  AND  CONCLUSIONS 

Remak's  theory  of  the  derivation  of  the  thyroid  follicles  di- 
rectly from  the  primitive  saccular  thyroid  anlage  has  not  been 
confirmed.  In  the  prefollicular  stages,  the  thyroid  is  by  recent 
investigators  quite  generally  described  as  assuming  the  fonn  of 
irregular,  anastomosing  'cords'  or  masses  of  epitheliimi.  This 
undoubtedly  appears  to  be  the  case  when  sections  of  the  gland 
are  observed  (figs.  1  and  2).  But  the  reconstruction  methods 
used  in  the  present  inv^tigation  reveal  a  surprisingly  different 
condition.  It  is  found  that,  as  a  matter  of  fact,  in  the  great 
majority  of  cases  the  cords  are  illusions  and  in  reality  are 
merely  sections  of  fenestrated  epithelial  plates  longitudinally 
arranged. 

As  to  the  further  steps  in  the  process  of  morphogenesis  of  the 
follicles  from  these  anastomosing  'cords',  widely  divergent  views 
have  been  held,  as  noted  in  the  section  on  'Literature.'  While 
differing  considerably  in  detail,  these  views  may  be  classified 
according  to  their  principal  features.  The  morphc^nesb  of  the 
primary  follicles  and  of  the  secondary  follicles  will  be  considered 
in  their  order. 

According  to  the  apparently  most  widely  accepted  view,  based 
perhaps  'argely  upon  preconceived  ideas  or  theories  concerning 
the  evolution  and  morphogenesis  of  the  thyroid  gland,  there  are 
two  d:£tinct  stages  in  the  transformation  of  the  epithelial '  cords' 
into  follicles.  First  the  anastomosing  '  cords'  acquire  timiina,  so 
that  the  gland  becomes  a  more  or  less  definite  network  of  hol- 
low epithelial  tubes.     The  tubes  then  become  constricted  (by 

Fig.  15  Wax  reconstructioQ  of  a  portion  of  a  peripheral  lobule  of  the  thy- 
roid gland  of  a.  human  fetus  60  nun.  long  (No.  40}.  This  model  is  from  the  region 
shown  in  figure  10.  The  structure  placed  across  the  top  of  the  figure  ia  a  blood 
vessel.     The  oblique  lines  designate  cut  surfaces.     Viewed  from  above.     X  270. 

Fig.  16  A  series  of  follicles  (a,  b,  c,  d,  e)  reconstructed  by  Born's  wax-plate 
method  to  show  the  varying  degrees  of  complexity.  All  are  taken  from  the 
thyroid  gland  of  a  human  fetus  86  mm.  long  (No.  44).     X  135. 

Fig.  17  Wax  reconstruction  (Bom's  method)  of  a  peripheral  lobule  of  the 
thyroid  gland  in  a  human  fetus  158  mm.  long  (No.  49).  The  variable  form  and 
mutual  relations  of  the  follicles  are  evident.  The  structure  at  the  left  of  the 
figure  is  a  blood  vessel.    The  oblique  lines  designate  out  surfaces.     X  130. 
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ingrowth  of  vascular  connective  tissue)  into  spheroidal  s^- 
ments,  each  of  which  becomes  a  small  sac  or  follicle  whose  cavity 
represents  a  portion  of  the  originally  continuous  Iximen  of  the 
tube.  This  view  has  been  advocated  by  W.  Mtiller  ('71),  Mar- 
shall ('93  (in  chick  and  frog),  Streiff  ('97),  Prenant  ('01),  Hert- 
wig  ('10),  Prenant,  Bouin  and  Maillard  ('II),  Broman  ('11)  and 
others.  Some  like  Streiff  ('97)  and  Simpson  ('12)  have  de- 
scribed this  branching  tubular  condition  as  persisting  .in  part 
throughout  fetal  hfe  and  even  in  postnatal  Ufe. 

Other  investigators,  however,  have  described  the  lumina  of 
the  primary  thyroid  folUcles  as  appearing  directly  and  ide- 
pendently,  with  no  preceding  tubular  stage.  The  anastomosing 
sohd  cell-cords  are  usxially  described  as  becoming  varicose,  with 
successive  enlargements  and  constrictions,  so  as  to  present  an 
irregular  beaded  chain  appearance.  Sooner  or  later  each  of 
these  spheroidal  swollen  masses  acquires  a  lumen  and  becomes 
separated  so  as  to  form  an  independent  foUicle.  This  method 
of  follicle  formation  (with  no  tubular  stage)  has  been  described 
by  Tourneux  and  Verdun  ('97),  Souh6  and  Verdun  ('97),  Gros- 
ser {'12),  Aschoff  ('13),  Sobotta  ('15)  and  Kingsbury  ('15). 

It  is  impossible  to  decide  from  direct  observations  of  sections 
which  of  the  preceding  theories  is  correct.  By  reconstruction 
methods,  however,  both  graphic  reconstruction  and  wax-plate 
models,  evidence  has  been  secured  in  the  present  investigation 
which  definitely  disproves  the  tubular  theory  and  establishes  in 
the  human  thyroid  the  independent  origin  of  the  lumina  of  the 
thyroid  folhcles.  The  foUicles,  however,  appear  not  in  epithe- 
lial 'cords'  as  described  by  earUer  observers,  but  in  the  fenes- 
trated epithehal  plates  above  mentioned.  The  \'iew  that  the 
thyroid  is  a  modified  branching  tubular  gland  (Zielinska,  Streiff, 
Simpson,  and  others)  therefore  obtains  no  support  from  its 
morphogenesis,  aside  from  the  initial  stage  of  the  primitive 
diverticulum. 

In  the  glands  studied  in  the  present  series  the  first  foUicles 
appear  in  a  fetus  of  24  mm.  in  length  (No.  20).  This  is  earlier 
than  the  time  of  appearance 'described  by  most  observers.  His 
('85),  however,  described  follicles  in  a  fetus  (Zw)  whose  absolute 
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lei^h  is  not  recorded,  but  is  placed  in  series  between  fetuses 
of  16.5  and  22.0  mm.  in  length.  Kingsbury  ('15)  described  fol- 
licles in  a  fetus  of  32  mm. ;  Toxmieux  and  Verdun  ('97)  in  one  of 
32.4  mm.;  and  Grosser  ('12)  and  Sobotta  ('15)  in  fetuses  of  50 
mm.  These  are  the  only  cases  found  in  the  literature  where 
the  presence  of  early  follicles  has  been  noted  in  fetuses  of  defi- 
nite length.  Several  observers  refer  to  the  age  of  fetuses  in 
which  the  thyroid  folhcles  appear,  but  in  terms  too  indefinite 
to  be  of  value  for  comparison. 

Although  by  definition  the  prefollicular  period  ends  abruptly 
with  the  appearance  of  the  first  follicles,  it  is  not  true  that  the 
structure  of  the  gland  undergoes  any  corresponding  sudden 
change  with  the  advent  of  the  follicular  period.  The  epithelial 
bands  (fenestrated  plates)  are  only  gradually  replaced  by  the 
primary  follicles  and  structures  characteristic  of  the  prefoUicutar 
period  may  be  present  through  a  considerable  part  of  the  fol- 
licular period,  at  least  until  the  fetus  has  attained  a  length  of 
65  mm. 

Concerning  the  first  three  processes  (rearrangement  of  the 
cells,  cell  proliferation,  and  increase  in  the  size  of  the  cells)  in- 
volved in  the  development  of  the  follicles  from  the  epithehal 
plate,  no  further  discussion  is  necessary.  The  foiulrh  process, 
however,  that  of  lumen  formation,  calls  for  further  considera- 
tion. The  follicular  lumen  might  arise  in  various  ways,  which 
have  been  suggested  by  earUer  investigators.  Most  of  the 
workers,  however,  do  not  mention  the  process  by  which  the 
lumen  of  the  follicle  is  formed. 

Wolfler  ('80)  and  Lustig  ('91)  have  described  the  formation 
of  lumina  in  the  solid  cell  masses  by  a  degeneration  of  the  more 
centrally  placed  cells.  The  present  investigation  does  not  sup- 
port this  view,  however.  In  the  first  place  none  of  the  so-called 
central  cells  have  been  foimd;  and  secondly  no  evidences  of 
degeneration  have  been  observed  in  the  primary  follicles. 

It  might  be  supposed,  as  Hiirthle  ('94)  and  .\nderson  ('94) 
have  su^ested,  that  the  lumen  is  formed  by  the  accumulation 
of  colloid  between  the  angles  of  the  cells  which  compose  the  soUd 
mass.     Such  a  proce-ss  would  leave  a  colloid-containing  space 
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surrounded  by  epithelial  cells.  But  in  no  case  in  the  present 
observations  was  'colloid'  found  within  the  very  early  foUieles; 
although  the  accumulation  of  some  other  (precolloidal?)  secre- 
tory product  between  the  angles  of  the  cells,  might  result  in 
lumen  formation.  The  fact  is  that  the  smaller  lumina,  which 
are  probably  the  most  recent  in  formation,  have  been  univer- 
sally foimd  to  be  devoid  of  any  demonstrable  content,  and  that 
some  of  the  larger  and  supposedly  older  lumina  do  contain  a 
stainable  substance.  As  to  the  nature  of  the  precolloidal  sub- 
stance or  substances,  nothing  definite  is  known. 

One  might  suggest  (as  thought  by  His?)  that  the  lumen  could 
be  formed  by  a  degeneration  or  hquefaction  of  the  central  ends 
of  the  cells  which  later  form  its  outline.  In  this  case  it  would 
be  expected  that  the  early  follicles  would  present  a  limien  out- 
lined by  an  irregular  or  ragged  margin.  Without  exception, 
however,  the  lumina  of  the  early  follicles  are  clearly  outlined 
and  marked  off  by  a  very  sharp  margin. 

Having  studied  the  way  in  which  the  follicle  forms  within  the 
plate,  it  is  of  further  interest  to  determine  the  method  by  which 
the  foUicle  frees  itself  from  the  plate  and  comes  to  take  up  an 
isolated  existence.  Earlier  observers,  in  describing  the  forma- 
tion of  foUieles  from  anastomosing  rods  or  tubes,  have  laid  em- 
phasis upon  the  activity  of  the  adjacent  mesenchymal  tissue  as 
the  factor  operating  in  the  separation  of  the  follicles.  In  the 
present  study  no  definite  morphological  evidence  appears  in 
favor  of  this  view.  For  as  shown  in  figure  3  there  is  no  special 
differentiation  of  the  mesenchyme  or  increased  vascularity  in 
the  regions  in  which  follicles  are  being  separated  off  from  the 
plate.  The  evidence  seems  rather  to  indicate  that  the  foUieles 
themselves  are  the  active  agents  in  their  separation.  Thus  as 
certain  of  the  cells  leave  their  original  positions  to  assume  a 
position  more  nearly  in  the  center  of  the  plate,  the  indentations 
previously  described  appear  on  the  plate.  These  may  be  con- 
sidered as  weak  points.  And  as  the  cells  increase  in  number 
between  these  indentations  it  is  not  difl&cidt  to  see  how  the  in- 
creased pressure  due  to  the  increased  mass  might  force  certain 
follicles  out  from  the  row  in  which  they  formed  and  thus  iso- 
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late  them  from  the  parent  plate.  The  vascular  mesenchyme 
doubtless  takes  some  slight  part  in  the  process,  however. 

As  previously  pointed  out,  the  primary  foUicIes  may  not  in 
every  ease  be  at  once  separated  completely  from  the  plate. 
Instead  of  being  in  all  cases  shai^ly  outlined  and  spheroidal  in 
form,  small  portions  of  the  p'ate  (epithelial  tags)  may  be  left 
hanging  to  the  follicle  wall.  The  significance  of  such  epithdial 
tags  is  readily  tmderstood  when  it  is  considered  how  easily  they 
might  be  mistaken  for  epithelial  buds  arisii^  from  the  primary 
folhcle  in  which  secondary  follicles  were  about  to  form.  These 
structures  will  be  mentioned  later  in  the  discussion  of  the  sec- 
ondary follicles.  It  has  been  seen  that  there  is  no  sharp  line  of 
demarcation  between  the  prefolhcular  and  follicular  periods. 
Similarly,  in  the  origin  of  folUcles,  the  period  of  primary  follicle 
formation  is  not  sharply  marked  off  from  that  of  secondary  fol- 
licle formation. 

The  number  of  thyroid  follicles  is  apparently  not  absolutely 
established  or  finaUy  limited  at  any  stage  of  development  (as  is 
the  case,  for  instance,  with  the  glomeruh  of  the  kidneys).  In 
the  earlier  stages,  the  number  of  folhcles  increases  by  the  forma- 
tion of  additional  primary  folhcles.  Soon,  however,  these  pri- 
mary foUicles  begin  to  give  rise  to  secondary  follicles  (at  56  mm.). 
In  later  stages  the  formation  of  primary  follicles  apparently 
ceases,  although  their  occurrence  even  in  the  adult  has  been 
claimed,  e.g.,  by  Hiirthle  ('94)  and  Sobotta  ('15),  the  new- 
formed  folUcles  being  all  secondary  in  character.  Various 
methods  of  secondary  follicle  formation  have  been  described. 

1.  Origin  from  buds  or  sprouts.  Ribbert  ('89),  L.  R.  Muller 
('96),  Streiff  ('97),  Isenschmid  ('10)  and  others  have  described 
this  process.  The  bud  is  usually  described  as  a  local  tiiickening 
of  the  follicle  wall,  which  continues  to  increase  in  size  by  the  pro- 
liferation of  cells,  until  a  solid  bud,  projecting  into  the  stroma, 
is  formed.  Directly,  through  the  concentric  rearrangement  of 
the  cells,  the  form  of  the  lumen  can  be  made  out,  even  while  the 
yoimg  follicle  is  still  in  contact  with  the  mother-foUicle. 

3.  Origin  from  collapsed  follicles.  Biondi  ('89)  Anderson  ('94), 
and  others  have  described  the  process  as  follows.     After  fiUing 
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the  vesicle  discharges  its  contents,  collapses  and  finally  re- 
arranges itself  in  the  form  of  a  number  of  small  acini  which 
repeat  the  process. 

3.  Origin  by  fusion  of  foUicles.  Streiflf  ('97),  v.  Ebner  ('02), 
Isenschmid  ('10)  and  others  have  observed  follicles  which  are 
apparently  formed  by  the  secondary  fusion  of  two  or  more 
preexisting  foUicIes. 

4-  Origin  by  division  of  follicles.  Isenschmid  ('10)  has  de- 
scribed the  formation  of  daughter-follicles  by  the  growth  of  an 
epithelial  spur  across  the  lumen  of  the  mother  foUicle;  and 
Peremeschko  ('67)  has  noted  the  formation  of  secondary  fol- 
licles by  the  constriction  of  the  parent  follicle. 

In  discussing  my  observations  concerning  the  formation  of 
secondary  f  olUcles  in  comparison  with  thpse  of  earher  observers, 
it  may  be  said  at  the  outset  that  nothing  to  support  either  the 
second  or  the  third  methods  just  outlined  has  been  noted. 
These,  however,  have  been  described  chiefly  by  previous  ob- 
servers upon  postnatal  material.  The  other  two  methods 
(budding  and  division  of  follicles),  however,  are  in  general 
agreement  with  the  findings  of  the  present  investigation. 

There  appear  to  be  three  general  methods  by  which  secondary 
follicles  arise  in  the  fetal  thyroid,  the  third  of  which  might  be 
r^arded  as  a  modification  of  the  second.  But  each  of  these 
types  is  subject  to  a  wide  degree  of  variation,  so  that  many 
intermediate  and  modified  forms  are  found. 

1.  SoUd  epithelial  buds  may  develop  on  the  follicle  wall  (figs. 
4,  8  and  16d).  These  may  become  separated  from  the  parent 
foUicie  while  in  the  solid  state,  or  they  may  develop  lumina  while 
connected  with  the  wall  of  the  mother-foUicle,  and  subsequently 
be  constricted  off.  This  method  is  essentially  that  advanced  by 
Ribbert  ('89),  L.  R.  MUller  ('96),  Streiff  ('97),  and  Isenschmid 
('10).  It  is  difficult,  especially  in  the  earher  stages,  to  distin- 
guish these  soUd  buds  from  the  'epithelial  tags'  representing 
persistent  portions  of  the  original  epithehal  plates  remaining 
attached  to  the  earher  primary  foUicles. 

2.  Hollow  buds  whose  cavities  are  continuous  with  that  of  the 
mother  lumen  are  also  found  (figs.  4,  9,  10),     It  might  be  sug- 
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gested  that  these  were  origiiially  solid  buds  whose  lumen  ap- 
peared independently  and  later  established  a  secondary  con- 
nection with  the  lumen  of  the  parent  follicle.  While  it  is  diffi- 
cult to  disprove  such  an  occurrence,  it  would  tend  to  reduce 
rather  than  to  increase  the  number  of  follicles  and  seems  im- 
probable. The  parent  follicle  apparently  sends  off  extensions 
or  branches,  which  represent  both  the  wall  and  the  lumen  and 
gradually  become  constricted  off  to  form  new  follicles.  All  pos- 
sible stages  in  such  a  process,  from  the  slightest  outpouching  of 
the  wall  to  the  finally  separated  follicle  are  easily  observable. 

3.  The  third  method  of  secondary  follicle  formation  is  the 
simple  division  of  the  parent  follicle  somewhat  as  described  by 
Peremeschko.  The  process  appears  similar  to  that  of  hollow 
bud  formation.  The  follicle  first  takes  on  the  form  of  an  elong- 
ated eUipse  which  becomes  constricted  about  its  center.  No 
cases  of  division  by  the  ingrowth  of  epithelial  spurs  as  de- 
scribed by  Isenschmid  (for  postnatal  stages)  have  been  observed 
in  my  fetal  material,  though  such  may  possibly  occur. 

Having  considered  the  primary  and  secondary  follicles  sepa- 
rately it  remains  to  consider  them  in  their  relations  to  each 
other  and  to  the  gland  as  a  whole. 

The  formation  of  the  secondary  thyroid  follicles  begins  when 
the  fetus  has  reached  a  length  of  about  56  mm.  From  the  70 
mm.  stage  on  the  formation  of  secondary  foUicles  progresses 
with  such  rapidity  that  the  total  number  of  foUicles  is  very 
greatly  increased  within  a  short  period  of  time,  and  the  relative 
number  of  primary  foUicles  becomes  progressively  smaller. 

It  might  be  thought  that  such  elongated,  irregular,  branched 
and  budding  forms  as  appear  in  lai^e  numbers  in  certain  of  the 
older  members  of  the  series  (especially  in  the  86  mm.  fetus,  No. 
43)  are  derived  from  irregular,  branching  bands  (fenestrated 
plates)  retained  from  the  prefoUicular  period.  But  the  evi- 
dence disproves  that  view.  After  the  appearance  of  the  first 
follicles,  the  bands  and  plates  are  being  progressively  broken 
up  until  the  gland  parenchyma  in  a  fetus  of  65  mm.  is  practi- 
cally devoid  of  such  structures,  and  is  almost  entirely  made  up 
of  isolated  solid  or  hollow  masses  of  cells.     So  closely  does  this 
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resolution  of  the  plates  parallel  the  increasing  length  of  the 
embryo  up  to  65  mm.  that  it  is  very  improbable  that  individual 
variations  could  explain  the  presence  of  these  structures  in  such 
great  numbers  at  the  relatively  late  stage  of  86  mm.  Further, 
as  shown  in  figure  16,  forms  of  all  degrees  of  complexity  may  be 
foxmd  from  simple  spheroida!  follicles  to  those  of  extreme  com- 
plexity. The  conclusion  is  therefore  reached  that  these  branch- 
ing structures,  which  are  better  described  as  foUicular  complexes 
than  as  folhcles,  are  developmentally  only"  follicles  which  have 
grown  excessively  and  attained  a  high  degree  of  complexity. 

Such  a  rapid  increase  in  the  number  of  thyroid  follicles  as 
occurs  in  fetuses  between  65  and  158  mm.  in  length  might  be 
expected  to  produce  a  marked  increase  in  the  size  of  the  gland. 
But  according  to  Jackson  ('09)  the  growth  curve  for  the  pre- 
natal thyroid  gland  shows  no  remarkable  increase  in  the  size 
(wei^t)  of  the  gland  diuing  this  period.  These  two  obser- 
vations, which  at  first  may  appear  contradictory,  are  readily 
explained  when  the  size  of  the  follicles  is  taken  into  account. 
The  secondary  follicles  formed  by  budding  and  division  of  the 
primary  follicles  are  very  small  and  arise  from  follicles  which 
are  in  most  cases  relatively  of  much  greater  size.  So  that  while 
the  niunber  of  folhcles  is  greatly  increased  during  this  period, 
the  gland  mass  is  not  correspondingly  larger.  As  previously  de- 
scribed, the  formation  of  secondary  folhcles  becomes  less  rapid 
before  the  fetus  has  reached  163  mm.  in  length.  From  this 
point  on,  the  number  of  thyroid  folhcles  apparently  increases 
but  slowly,  the  subsequent  growth  of  the  gland  being  due  rather 
to  the  increase  in  the  size  of  the  individual  folhcles  than  to  a 
fiulher  increase  in  their  number. 

The  significance  of  the  large  cyst-like  folhcles  described  in 
four  of  the  fetuses  is  uncertain.  Ktirsteiner  ('99)  has  described 
the  presence  of  similar  folhcles  in  four  fetuses.  The  remarkable 
regularity  with  which  they  were  foimd,  in  his  cases  as  well  as  in 
those  of  the  present  series,  located  in  the  lower  and  posterior 
(dorsal)  part  of  the  lateral  lobe  of  the  gland,  is  a  striking  fact. 
Possibly  they  may  be  related  to  the  cysts  of  the  thyroid  ghind, 
frequently  met  in  pathological  conditions  of  postnatal  life. 
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By  methods  of  reconstruction  (both  graphic  and  wax-plate), 
the  complicated  process  of  morphogenesis  of  the  follicles  of  the 
prenatal  human  thyroid  gland  has  been  worked  out  and  several 
mooted  points  definitely  established. 

1.  The  so-called  'cords'  forming  the  anastomosing  network  in 
sections  of  the  thyroid  (median  anlage)  in  the  later  prefollicular 
stages  r^resent  chiefly  sections  of  epithelial  bands,  two  cells  in 
thickness,  and  forming  irr^ular,  fenestrated  plates. 

2.  The  frequently  described  stage  in  which  the  'cords'  are 
transformed  into  an  anastomosing  set  of  epithelial  tubes  from 
which  the  follicles  are  derived  does  not  exist.  The  process  of 
follicle  formation  gives  no  evidence  or  indication  that  the  thyroid 
has  been  derived  from  a  branching  tubular  gland. 

3.  The  primary  thyroid  foUicles  arise  directly  as  isolated  and 
independent  structures  from  the  epithelial  plates  of  the  pre- 
foUicular  period,  by  the  rearrangement  of  cells,  cell  proliferation, 
increase  in  the  size  of  the  cells,  and  lumen  formation. 

4.  The  primary  folUcIes  appear  in  fetuses  about  24  mm.  in 
l^igth.  The  epitheUal  bands  (fenestrated  plates)  have  prac- 
tically disappeared  in  a  fetus  of  65  mm.,  but  a  few  solid  int^- 
foUicular  epithelial  masses  are  still  present  in  fetuses  163  mm. 
in  crown-rump  length. 

5.  Secondary  thyroid  foUicles  are  formed  from  preexisting 
foUicles  apparently  by  three  methods:  by  solid  buds;  by  hollow 
buds;  and  by  constriction  of  the  parent  foUicle. 

6.  The  first  secondary  follicles  appear  in  fetuses  about  56  mm. 
in  length,  but  are  formed  most  rapidly  in  stages  when  the  fetus 
is  between  80  mm.  and  15S  mm.  long.  After  163  mm.,  the 
growth  of  the  gland  probably  takes  place  largely  by  the  increase 
in  size  of  the  individual  foUicles,  rather  than  by  increase  in 
their  nimiber. 

7.  Large  cystic  foUicles  were  observed  in  the  lower  and  pos- 
terior (dorsal)  parts  of  four  glands  from  the  older  fetxxses.  Their 
significance  is  xmcertain,  as  is  likewise  the  apparent  involution 
of  the  follicles  with  desquamation  of  epitheliiun  observed  in  the 
later  fetal  and  newborn  stages. 
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ON  THE  DEVELOPMENT  OF  THE  BILIARY  SYSTEM  IN 
ANIMALS  LACKING  A  GALL-BLADDER  IN  POST- 
NATAL LIFE 

RICHARD  E.  SCAMMON 

Inaliluie  of  Anatomy,  University  of  Minnesota' 


It  is  well  known  that  the  gall-bladder  is  always  absent  in  some 
species  of  vertebrates.  There  seems  to  be  no  general  rule 
governing  the  distribution  of  this  peculiarity.  Thus  in  the 
cyclostomes  a  gall-bladder  is  found  in  the  myxinoids  but  is 
absent  in  the  fully  developed  Petromyzon.  It  is  present  as  a 
rule  in  fishes  although  absent  in  a  few  species  of  sharks.  A  gall- 
bladder is  said  to  be  present  always  in  amphibians  and  reptiles; 
it  is  wanting  in  a  number  of  birds  including  the  pigeons.  Among 
manunals  no  gall-bladder  is  found  in  a  number  of  rodents  and 
in  many  ruminants,  pachyderms  and  some  other  ungulates. 
It  is  absent  in  the  Cetacea.  In  other  forms  the  gall-bladder 
may  or  may  not  be  present.  This  is  the  case  in  several  species 
of  birds  and  in  a  few  mammals.  With  the  latter  may  be  included 
man  where  congenital  absence  of  the  gall-bladder  is  an  unusual 
anomaly.  In  man  the  gall-bladder  alone  may  be  lacking,  or 
more  rarely  both  the  gall-bladder  and  the  larger  biliary  ducts.* 

Only  three  of  the  forms  consistently  lacking  a  gall-bladder  are 
commonly  available  for  embryological  study.     These  are  the 

'  This  work  was  done  with  the  aid  of  a  graat  from  the  Research  Fund  of  the 
Uairereity  of  Minnesota. 

'  The  comparative  list  given  above  is  by  no  means  a  :;oDipletc  one.  A  much 
more  detailed  statement  is  to  be  found  in  the  Milne  Edwards,  Ijccona  sur  la 
physiologie  et  I'anatomie  compar6e.  T.  6,  p.  454,  et  acq.  Later  papcra  upon  the 
partial  or  complete  absence  of  the  biliary  system  in  man  are:  Hochst^tter,  .\rch. 
f.  Anat.,  1886;  Latham,  Journ.  of  Anal.,  1813;  Bubcnhofer.  Anat.  Hefte.  1905; 
and  Beneke,  -Marburger  Universitiitsprogramm,  1905. 
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lamprey  (Petromyzon),  the  pigeon  and  the  rat.  The  develop- 
ment of  the  biliary  system  in  these  species  will  be  taken  up  in 
the  order  given  above. 

PETROMYZON 

I  have  made  no  study  of  Petromyzon  material  but  include 
here  a  brief  summary  of  the  iindii^s  reported  in  the  literature. 

The  early  history  of  the  liver  in  Petromyzon  has  been  studied 
by  Gotte  {'90),  v.  Kupffer  ('93),  Brachet  ('97)  and  others.  A 
complete  biliary  system  is  developed  including  a  hu^e  gall- 
bladder and  a  common  bile-duct  of  considerable  diameter. 
These  structures  are  lined  with  a  h^  columnar  epithelium  which 
later  becomes  somewhat  flattened  and  they  are  surrounded  by 
definite  mesenchymal  sheaths.  The  biliary  apparatus  takes 
part  in  the  general  rotation  of  the  gut  which  occurs  in  this  form 
and  it  persists  during  the  Ammocoetes  or  larval  period. 

The  later  history  of  the  common  bile-duct  and  gall-bladder 
has  been  followed  out  in  some  detail  by  Nestler  ('90).  He  found 
that  in  an  Ammocoetes  13  cm.  in  length  the  bile-duct  still  opened 
into  the  anterior  end  of  the  mid-gut  and  was  connected  distally 
with  the  gall-bladder.  Near  its  posterior  or  intestinal  end 
there  was  a  short  segment  in  which  the  lumen  was  almost  com- 
pletely obliterated  by  the  increased  height  of  the  lining  epithel- 
ium. In  a  specimen  a  centimeter  longer  the  common  bile-duct 
was  still  connected  with  the  gall-bladder  but  its  connection  with 
the  intestine  was  lost  and  its  caudal  end  obliterated.  In  this 
region  was  found  a  collection  of  'Zellballen'  or  follicles  which  were 
connected  with  the  part  of  the  duct  still  intact.  In  still  later 
stages  the  duct  proper  was  foimd  to  have  entirely  disappeared 
but  the  follicles  persisted.  Nestler  apparently  regarded  these 
follicles  as  cystic  remains  of  the  common  bile-ducts  or  of  out- 
fwuchings  from  it.  The  gall-bladder  first  became  much  reduced 
in  size  and  the  epithelium  lining  it  increased  in  height.  The 
surroimding  sheath  of  mesenchymal  tissue  also  was  thickened. 
Later  the  structure  was  completely  obUterated. 

These  observations  were  confirmed  in  the  main  by  Bujor  ('91) 
who,  however,  accepted  the  earUer  \iew  of  Langerhans  ('73) 
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that  the  follicles  observed  near  the  cranial  end  of  the  common 
bile-duct  were  pancreatic.  This  view  has  been  confirmed  by 
the  recent  careful  researches  of  Picqu6  ('13).' 

PIGEON 

In  the  pigeon,  as  in  birds  generally,  there  are  two  ducts  leading 
from  the  liver  to  the  intestine.  Of  these  the  anterior  or  cranial 
one  is  conunonly  termed  the  ductus  hepato-entericus.  The 
posterior  one  is  divided  into  two  parts  by  the  point  of  attach- 
ment of  the  gall-bladder.  The  portion  between  the  hepatic 
trabeculae  and  minor  ducts  and  the  gall-bladder  is  called  the 
ductus  hepato-cysticus,  and  the  part  between  the  gall-bladder 
and  intestine  the  ductus  cysticus  or  ductus  cystico-entericus. 
Since  the  pigeon,  as  a  rule  at  least,  loses  its  gait-bladder  in  the 
course  of  development,  the  terminology  above  is  not  always  an 
appropriate  one.  For  simpUcity  the  two  main  ducts  will  be 
designated  in  the  following  description  as  the  anterior  and  pos- 
terior hepatic  ducts. 

Brouha  ('98)  has  published  the  only  information  which  we  have 
concerning  the  later  development  of  the  Uver  in  the  pigeon.  He 
modelled  and  described  two  st^es,  embryos  of  59  and  100  hours 
incubation  respectively,  in  connection  with  his  extensive  study 
of  the  development  of  the  Uver  in  the  chick.  The  liver  forms 
from  the  floor  of  the  foregut  and  the  anterior  intestinal  portal, 
but  the  anlage,  which  is  hollow  in  the  chick,  is  soUd  at  first  in 
the  pigeon.  In  Brouha's  younger  specimen  the  anlage  was 
ah-eady  partially  divided  into  anterior  and  posterior  diverticula 
as  in  other  birds.  In  the  older  specimen  this  division  was  quite 
distinct  and  the  anlage  of  the  gall-bladder  was  represented  by  a 
distinct  expansion  of  the  left  side  of  the  extreme  posterior  end 
of  the  hepatic  gutter  atthe  point  of  origin  of  the  posterior  hepatic 
diverticulum  or  duct  (Brouha,  '98,  pi.  VIII,  fig.  II,  V.  B.). 
Broiiha  did  not  follow  its  later  history. 

*  Although  Neatler  does  aot  describe  a  pancreas  in  Petromyioa,  he  figures 
and  labels  aa  pancreas  a  group  of  tubules  in  the  wall  of  the  mid-gut  on  the  side 
opposite  to  the  follicles  associated  with  the  ductus  choledochus. 
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The  youngest  pigeon  embryo  I  have  examined  is  7  mm.  in 
length,  of  72  hours  incubation  (Minn.  E.  C.  588).  In  develop- 
ment it  stands  between  the  two  stages  described  by  Brouha. 
The  anterior  and  posterior  divisions  of  the  hepatic  diverticulum 
are  differentiated  into  short  wide  ducts  which  connect  with  a 
considerable  network  of  hepatic  trabeculae  surrounding,  in  part, 
the  large  right  omphalo-mesenteric  vein.  All  three  pancreatic 
anlagen  are  present.     The  dorsal  one  forms  a  pouch  which  is 


Fig.  1  A  reconstruction  of  a  portion  of  the  mid-gut,  liver  and  pancreas  of  a 
pigeon  embryo  7  mm.  long  (Minn.  E.  C.  588).  Right  lateral  view,  X  50.  A.h., 
anterior  hepatic  duct;  D.p.,  doraal  pancreas;  G.b.,  gall-bladder;  L.v.p.,  left  ven- 
tral pancreas;  P.h.,  posterior  hepatic  duct;  R.v.p.,  right  ventral  pancreas. 

almost  as  lai^e  in  cross  section  as  is  the  gut  at  this  level.  The 
ventral  diverticula  are  smaller  pouches  which  arise  from  the 
gut  just  above  the  posterior  end  of  the  hepatic  gutter,  A  right 
lateral  view  of  a  reconstruction  of  this  region  is  shown  in  figure  I. 
In  the  reconstruction  the  hepatic  trabeculae  are  cut  away  near 
their  origin  from  the  hepatic  diverticula.  The  posterior  hepatic 
diverticulum  is  very  short  and  ends  by  dividing  into  two  parts. 
The  right  division  becomes  continuous  with  the  hepatic  tra- 
beculae  and   represents   the   ductus   hepato-cysticus   of   other 
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birds.  The  left  division  is  the  anlage  of  the  gall-bladder  and 
at  this  time  is  simply  a  short  rounded  swelling.  This  swelling 
is  due  almost  entirely  to  the  thickening  of  the  epithelium,  there 
being  no  true  lumen  in  the  cystic  anlage  (fig.  3). 

The  posterior  hepatic  diverticulum  lengthens  rapidly,  extending 
forward  and  to  the  right.     The  cystic  anlage  is  carried  along 


Fig.  2  A  recooBtruction  of  a  portion  of  the  mid-gut,  liver  and  pancreas  of  a 
pigeon  embryo  S  mm.  long  (Minn.  E.  C.  590).  Right  lateral  view  X  50.  Abbre- 
riations  as  for  figure  1. 

with  it  and  is  soon  located  some  distance  from  the  gut  in  the 
margin  of  the  hepatic  parenchyma.  The  right  branch  of  the 
biftircation  which  connects  with  the  hepatic  trabeculae  straightens 
out  so  that  its  axis  falls  in  line  with  that  of  the  main  duct  and 
the  two  form  a  single  tube.  The  thickening  representing  the  * 
gall-bladder  is  strongly  evaginated  forming  a  small  pouch  which 
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joins  with  the  posterior  hepatic  duct  by  a  short  broad  neck. 
Its  walls  become  thinner  and  its  lumen  is  thereby  widened,  but 
as  a  whole  it  increases  very  httle  in  size.  An  embryo  (Minn. 
E.  C.  590),  8  mm.  in  length  and  distinctly  older  than  the  one 
first  described,  shows  these  changes  in  progress.     Figure  2  is  a 


Fig.  3  Transverse  section  of  the  liver  and  the  duodenal  region  of  e.  pigeoD 
embryo  7  mm,  long  (Minn.  E.  C.  588).  X  400.  G.b.,  gall-bladder;  H.t.,  hepatic 
trabeculae;  P.h.,  posterior  hepatic  duct;  R.v.p.,  right  ventral  pancreas. 

right  lateral  view  of  a  model  of  this  specimen,  and  figure  4  a 
section  through  the  long  axis  of  the  gall-bladder. 

In  later  stages  the  entire  mass  of  the  liver  is  much  enlarged. 
Both  the  anterior  and  posterior  hepatic  ducts  increase  rapidly 
in  length  and  in  caliber,  but  the  anterior  one  grows  more  rapidly 
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than  the  posterior.  Although  the  liver  and  its  ducts  continue 
to  increase  in  size,  the  gall-bladder  remains  about  constant 
until  the  embryo  reaches  a  length  of  12  to  15  _nim.  There- 
after the  gall-bladder  becomes  somewhat  smaller  both  absolutely 
and  relatively  than  in  earlier  stages.  Both  the  lumen  and  the 
walls  of  the  sac  tend  to  diminish,  and  folds  or  sacculations  may 
appear  in  its  fundic  end.  The  surrounding  mesenehyma  begins 
to  take  the  form  of  a  definite  sheath  with  concentrically  placed 


Fig.  4  Section  through  the  long  axis  of  the  gali-bl adder  of  a  pigeon  embryo 
8  mm.  long  (Minn.  E.  C.  590).     X  400.    C.d.,  cystic  duct;  G.b.,  gall-bladder. 

nuclei.  The  neck  or  true  cystic  duct  becomes  elongated  and 
slender.  Figure  5,  an  oblique  section  of  the  gall-bladder  of  an 
embryo  15.5  mm.  long  (Minn.  E.  C.  586),  shows  these  changes 
in  progress. 

With  the  growth  of  the  hver  the  gall-bladder  changes  its  posi- 
tion, being  carried  away  from  the  margin  of  the  hver  parenchyma 
where  it  was  formerly  located.  In  later  stages  it  comes  to  Ue 
more  and  more  in  the  posterior  part  of  the  dorsal  ligament. 
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The  cystic  duct  is  reduced  in  caliber  and  tile  lumen  becomes 
very  small  or  is  occluded.  From  the  specimens  which  I  have 
examined  it  appears  that  the  bladder  generally  becomes  separated 
from  the  duct  and  remains  for  a  period  as  an  isolated,  thick- 


Fig.  6    Section  through  the  long  axis  of  the  gall-bladder  of  a  pigeon  embryo 
16.5  mm.  long  (Minn.  E.  C.  586).     X  400. 


Fig.  6  Section  through  the  gall-bladder  and  posterior  hepatic  duct  of  a  pigeon 
embryo  28.8  mm.  long  (Minn.  E.  C.  696).  X  400.  The  gall-bladder  is  the  larger 
of  the  two  epithelial  tubes. 

walled  cyst  lying  in  the  dorsal  hepatic  mesentery  close  to  the 
posterior  hepatic  duct.  This  condition  is  shown  in  figure  6  of  a 
section  of  the  gall-bladder  in  an  embryo  26.8  mm.  long  (Minn. 
E.  C.  596). 
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Later  the  gall-bladder  d^enerates  in  most  cases.  In  an 
ismbiyo  45  nun.*  in  length  there  was  no  definite  cyst  but  in  the 
region  formerly  occupied  by  the  gall-bladder  there  was  found  a 
small  cluster  of  deeply  staining  and  degeneratii^  cells  which 
probably  represented  its  remains.    There  was  no  trace  of  this 


Fig.  7    Section  through  the  posterior  hepatic  duct  and  gall-bladder  ofj  a'pigsoa 
embryo  62  mm.  long.     X  400. 

structure  in  an  embryo  55  nun.  in  length.  A  specimen  62  mm. 
in  length,  however,  showed  a  small  persistent  gall-bladder.  It 
was  of  about  the  same  diameter  as  the  duct  to  which  it  was 
attached  and  a  common  musculo-fibrous  tunic  surrounded  the 

*  These  measurements  are  crown-rump  length  taken  with  the  neck  straightened 
out  until  in  line  with  the  body. 
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two  structures.     A  slender  and  abruptly  curved  cystic  duct 
connected   the   gall-bladder  with   the  posterior  hepatic   duct. 


Fig.  8  Three  sections  showing  the  siee  of  the  gall-bladder  in  the  pigeon 
embryo.  A,  embryo  6.8  mm.  long  (Minn.  E.  C.  591);  B,  embryo  8  mm.  long 
(Minn.  E.  C.  554);  C,  embryo  62  mm.  long.     All  X  50. 

The  lining  epithelium  of  the  bladder  was  of  a  low  columnar 
type  similar  to  that  of  the  duct  proper,  and  the  lumen  contained 
a  small  amount  of  granular  precipitate  (fig.  7).     It  is  evident 
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from  this  specimen  that  the  cystic  anhige  may  persist  in  some 
cases  until  about  the  time  of  hatching  and  perhaps  later.  The 
structure  is  so  small  that  it  could  hardly  be  detected  by  dissection. 
Attention  has  already  been  called  to  the  great  increase  in  the 
diameter  of  both  hepatic  ducts  and  the  lack  of  corresponding 
growth  of  the  gall-bladder.  This  is  shown  graphically  in  figures 
8A,  B  and  C  which  show  longitudinal  sections  of  the  gall-bladder 
in  embryos  6.7,  8  and  62  mm.  in  length  respectively.  These 
sections  are  all  drawn  at  the  same  magnificatioL. 


Helly  ('01)  while  studying  the  development  of  the  pancreas 
in  the  rat  examined  the  hepatic  anlagen  in  an  extensive  series  of 
embryos  raiding  from  2.2  mm.  to  10  mm.  in  leiigth.  He  states 
that  in  no  specimen  could  he  find  an  indubitable  trace  of  a  gall- 
bladder. He  noted  that  in  an  embryo  2.8  mm,  long  the  primitive 
ductus  choledochus  was  of  considerable  cahber  and  that  the 
ventral  portion  of  its  wall  appeared  somewhat  thickened.  But, 
as  this  thickening  passed  over  directly  into  the  sprouts  of  the 
hepatic  trabeculae,  he  did  not  regard  it  as  a  clear  anlage  of  a 
gall-bladder.  Debeyre  ('04),  also  working  on  the  pancreas  of  the 
rat,  studied  a  very  complete  series  of  embryos  from  11  to  21 
days  old.  He  states  definitely  that  he  foimd  no  gall-bladder  in 
an  embryo  12  days  old,  and  makes  no  mention  of  the  structure 
in  his  description  of  later  stages. 

The  youngest  rat  embryos  which  I  have  examined  were  1.75 
mm.  in  length  and  H  days  old  (Wistar  Inst.  Coll.  Nos.  15346 
and  15347)  .*  In  these  specimens  the  hver  is  already  differentiated 
as  a  thickening  of  the  ventral  part  of  the  foregut  and  anterior 
intestinal  portal.  The  foregut  is  expanded  a  httle  ventrally 
forming  a  shallow  hepatic  pouch.  From  this  pouch  extend 
the  earUest  hepatic  trabeculae  which  appear  as  soUd  sprouts 
of  epithelial  cells.  Sagittal  sections  show  that  the  Uver  is  com- 
posed of  two  parts,  an  anterior,  the  true  hepatic,  from  which  the 

■My  th&nke  are  due  to  Dr.  M.  J.  GreeDmsn,  Director  of  The  Wiatar  Institute, 
and  to  Dr.  C.  A.  Heuser,  for  their  kiudness  in  loaning  me  these  preparations  fora 
considerable  period. 
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trabeculae  are  arising,  and  a  posterior  which  gives  rise  to  no 
trabeculae  and  which  becomes  continuous  with  the  wall  of  the 
anterior  intestinal  portal.  There  is  no  evident  cellular  differen- 
tiation between  these  two  parts  aside  from  that  associated  with 
the  formation  of  the  hepatic  trabeculae  and  the  presence  of  a 
larger  number  of  mitotic  figm-es  in  the  pars  hepatica.  A  median 
section  of  the  hepatic  aclage  at  this  sti^e  is  shown  in  figure  9. 

A  specimen  one  day  older  and  3.36  mm.  long  (Wistar  Inst.  Coll. 
No.  15363)  shows  the  liver  anlage  in  the  form  of  a  distinct 


Fig.  ft    Sagittal  section  of  the  hepatic  pouch  of  an  albino  rat  embryo  1.75  mm. 
long,  11  days,  (Wistar  Inst.  Coll.  No.  15346).     X  400. 

pouch  sharply  marked  off  from  the  gut  anteriorly  and  posteriorly 
with  the  forward  end  somewhat  recessed,  A  large  number  of 
looping  and  anastomosing  trabeculae  arise  from  the  anterior 
part  of  the  pouch  and  extend  some  distance  into  the  sturounding 
mesenchyma  (fig.  10).  The  posterior  part  of  the  pouch  gives 
rise  to  no  trabeculae.  In  the  ventral  wail  of  this  portion  just 
in  front  of  the  posterior  end  of  the  anlagen  is  a  slight  swelling 
which  is  marked  on  the  internal  surface  by  a  shallow  pit  (X,  fig. 
10).     It  extends  but  a  little  way  on  either  side  of  the  mid-line. 
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The  arrangement  of  the  cells  in  this  swelling  suggests  that  seen 
in  taste-buds  but  the  cell  boundaries  are  not  distinct.  The 
nuclei  are  elongated  and  peripherally  placed  while  those  of  the 
remainder  of  the  hepatic  pouch  are  rounded  and  more  generally 
scattered.  The  cytoplasm  is  a  little  lighter  than  that  of  the 
remainder  of  the  pouch.  This  structure  may  be  the  trace  of  a 
gall-bladder  anl^^.  Its  position  corresponds  to  that  of  the 
gall-bladder  in  other  mammals  and  to  the  thickening  previously 


Fig.  10  Sagittal  section  of  the  hepatic  pouch  of  an  albino  rat  embryo  3.36 
nun.  long,  12  days  (Wistar  Inst.  Coll.  No.  15363).  X  400.  X,  possible  cyatic 
Ullage. 

described  by  Helly.  The  arrangement  of  the  cells  is  distinct 
but  not  striking.  The  structure  seems  to  be  present  in  another 
embryo  of  the  same  age  (Wistar  Inst.  Coll.  No.  15362)  which 
is  cut  in  an  oblique  plane  but  only  in  sagittal  sections  would  it  be 
possible  to  be  sure  of  it,  Lewis  and  Thyng  ('08)  have  observed 
well-defined  pockets  resembling  those  of  intestinal  diverticula 
in  the  hepatic  anlagen  of  pig  embryos,  but  none  were  found  in 
specimens  under  7.8  mm.  in  length.     This  specimen  just  de- 
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scribed  is  of  so  much  earlier  a  stage  that  I  do  not  think  the  two 
structures  can  be  regarded  as  identical.  I  have  found  no  divertic- 
ula, such  as  are  described  by  Lewis  and  Thyng  in  other  mammals, 
in  the  bile-ducts  of  later  rat  embryos.  Debeyre  ('04)  has  de- 
scribed numerous  pancreatic  tubules  arising  directly  from  the 
ductus  choledochus  in  rat  embryos,  but  these  do  not  appear 
until  the  fifteenth  day,  and  their  position  diflEers  from  that  of 
the  swelling  described  above. 

Older  embryos  examined  show  no  trace  of  a  gall-bladder. 
In  embryos  5.4  mm.  long  the  posterior  part  of  the  hepatic  pouch 
has  the  form  of  a  short  wide  duct  bifurcated  at  its  distal  extrem- 
ity. The  lumen  is  lai^e,  particularly  distally,  and  the  cells  of 
the  ventral  wall  have  peripherally  placed  nuclei  but  there  is  no 
cystic  anlage.  Other  embryos  (11,  13  and  18  mm.  in  length 
respectively)  also  show  no  trace  of  a  gall-bladder.  In  all  of 
these  specimens  the  lumina  of  the  hepatic  and  common  bile- 
ducts  are  of  tmusual  size. 

SUMMARY  AND  DISCUSSION 

The  history  of  the  gall-bladder  is  quite  different  in  each  of  the 
three  forms  unjJer  discussion.  In  Petromyzon  a  complete  bili- 
ary apparatus  is  formed  and  persists  throughout  the  larval  or 
Ammocoetes  st^e.  At  the  time  of  the  transformation  of  the 
larval  to  the  adult  form  there  is  a  total  degeneration  of  both  gall- 
bladder and  ducts.  In  the  pigeon  the  gall-bladder  is  developed 
apparently  in  a  perfectly  normal  way,  and  later,  in  the  majority 
of  cases  at  least,  is  completely  lost.  The  duct  to  which  it  is 
attached,  persists  and  grows  to  some  size.  This  case  is  compli- 
cated, however,  by  the  presence  of  a  lai^r  anterior  hepatic 
duct  which  opens  independently  into  the  duodenum  and  is  never 
associated  with  the  gall-bladder.  In  the  rat  there  is  at  most  but 
a  trace  of  a  cystic  anlage  in  very  early  stages  and  this  soon  dis- 
appears. I  have  observed  no  common  factors  which  would 
account  for  the  absence  of  the  gall-bladder  in  all  of  these  ex- 
amples. In  the  rat  it  ia  possible  that  the  rapid  and  early  re- 
duction in  size  of  the  yolk-stalk  which  leaves  the  foregut  wall 
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quite  short  antero-posteriorly  may  be  a  factor  in  inhibiting  the 
development  of  the  gall-bladder.  In  mammals  generally,  as 
compared  with  most  lower  forms,  we  find  a  distinct  shortening 
of  the  liver  anlage  and  a  tendency  towards  consolidation  of  the 
cystic  and  hepatic  portions.  This  condition  is  well  exemplified 
in  Bos  taurus  as  shown  by  Pensa's  ('13)  recent  work.  The  rat 
may  be  but  an  extreme  example  of  this  consolidation  due  to  the 
conditions  above  mentioned. 

The  occasional  absence  of  the  gall-bladder  in  man  is  not  ex- 
plained by  these  observations.  Barring  the  cases  of  secondary 
obliteration  of  the  bile-ducts,  it  is  possible  that  there  are  in  man 
two  types  of  inhibition  of  the  development  of  the  biliary  appara- 
tus. In  one  the  entire  pars  cystica  of  the  liver  anlage  is  sup- 
pressed. This  type  would  be  represented  by  the  rare  cases 
in  which  both  gall-bladder  and  bile-ducts  are  absent.  In  the 
second  only  the  gall-bladder  fundament  is  lost  either  early  or 
late  in  development  and  this  type  would  be  represented  by  the 
more  common  anomaly  of  absence  of  the  bladder  only. 

The  large  size  of  the  bile-ducts  is  noticeable  in  both  pigeon  and 
rat  embryos.  This  seems  to  be  a  compensation  for  the  absence 
of  the  usual  bile  reservoir  in  the  form  of  a  definite  sac.  A  general 
dilation  of  the  bile-ducts  or  their  local  expansion  into  chambers 
capable  of  containing  a  considerable  amount  of  bile  is  often 
but  not  always  found  in  animals  regularly  lacking  a  gall-bladder. 
This  is  frequently  true  in  eases  of  congenital  absence  of  the  gall- 
bladder in  the  human  subject.  Dilation  of  the  bile  ducts  after 
cholecystectomy  is  also  a  common  observation. 
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Recent  investigators  have  found  that  the  capacity  for  growth 

is  not  lost  in  young  albino  rats  held  at  nearly  constant  body  weight 

for  considerable  periods,  although  important  changes  have  taken 

16 


,d.y  Google 


GROWTH  AFTER  INANTTION  FOR  VARIOUS   PERIODS.  I? 

place  in  the  various  organs.  When  animals  thus  stunted  are 
generously  fed,  one  of  three  results  might  be  expected  concerning 
their  recovery:  (i)  There  might  be  a  complete  recovery  in  the 
weight  of  the  body  as  a  whole,  with  normal  proportions  of  the 
individual  oi^:ans  and  parts.  (2)  Since  the  growth  impulse  and 
the  power  of  maintenance  varies  considerably  in  the  different 
oi^ans  and  parts  of  the  body,  one  might  expect  certain  individual 
oi^ans  to  show  lingering  effects  of  stunting.  (3)  If  the  stunting 
were  sufficiently  severe  to  lower  the  final  adult  body  weight,  then 
the  different  organs  and  parts  might  be  either  similarly  or  dis- 
similarly affected.  Thus  in  the  ffrst  case,  an  adult  of  normal  size 
and  proportions  would  be  obtained;  in  the  second  case,  an  adult 
of  normal  size  but  abnormal  proportions;  in  the  third  case,  a 
dwarf  of  either  normal  or  abnormal  proportions. 

Numerous  observations  are  recorded  in  the  literature  on  the 
recovery  of  the  body  weight  as  a  whole  in  different  animals  upon 
refeeding  after  various  periods  of  growth  suppression;  but  very 
few  observations  have  been  made  upon  the  individual  organs  and 
parts.  A  more  complete  and  thorough  study  of  this  question 
seemed  desirable,  and  therefore  the  present  investigation  was 
undertaken.  This  opportunity  is  taken  to  express  my  indebted- 
ness to  Dr.  C.  M.  Jackson  for  valuable  aid  and  direction. 

Material  and  Methods. 

For  the  present  experiments  eight  litters  of  albino  rats  {Mas 
noTvegicus  albinus)  were  used  (Table  I.),  which  included  twenty 
males  and  twenty-five  females,  a  total  of  forty-five. 

The  experiments  began  when  the  rats  were  three  weeks  of  age 
(time  of  weaning).  From  most  of  the  Utters,  at  the  beginning  of 
the  experiment,  one  rat  of  each  sex  was  selected  to  serve  as  an 
(initial)  control,  the  sex  being  identified  by  the  method  of 
Jackson  ('12).  Of  the  nine  controls  thus  selected,  two  were 
killed  at  sixteen  weeks  of  age,  and  four  at  about  one  year;  while 
three  were  well  fed  until  thirty-nine  weeks  of  age,  at  which  time 
the  experiment  for  which  they  were  the  controls  (alternate  fasting 
and  refeeding)  was  discontinued. 

In  addition  to  the  direct  controls,  the  observations  by  Jackson 
and  Lowrey  ('12),  Jackson  ('15)  and  the  Wistar  norm  tables  of 
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Donaldson  ('15)  were  of  great  value  for  comparison.  In  referring 
to  Donaldson's  norm  throughout  the  paper,  comparison  is  always 
made  with  the  weight  in  animals  of  corresponding  body  length, 
according  to  the  method  rec<Mnmended  by  Donaldson  ('15). 

Of  the  rats  subjected  to  inanition,  eighteen  were  held  at  nearly 
constant  body  weight  from  three  to  twelve  weeks  of  age,  and 
killed  after  being  refed  one  half  week  (2  rats),  one  week  (5  rats), 
two  weeks  (5  rats),  or  four  weeks  (6  rats).  In  addition,  two  rats 
of  this  series  were  killed  at  the  end  of  the  maintenance  period 
from  three  to  twelve  weeks  of  age.  Thirteen  rats  were  refed 
until  adult  (about  i  year  old)  after  being  held  at  constant  body 
weight  for  various  periods :  from  the  age  of  three  weeks  to  ^e  of 
four  weeks  (4  rats),  from  three  to  six  weeks  (4  rats),  and  from 
three  to  ten  weeks  (5  rats).  The  test  rats  of  litters  S23  and  S24 
were  held  repeatedly  at  constant  body  weight  for  short  periods 
during  the  first  two  or  three  months,  and  during  the  intervening 
times  were  amply  fed.  Later  a  different  plan  was  adopted,  the 
rats  of  these  two  litters  being  alternately  severely  starved  and 
refed. 

The  rats  were  kept  in  ordinary  wire  cages  provied  with  wire 
net  bottoms,  which  permitted  feces  and  other  waste  materials 
to  drop  into  the  box  base  below.  It  is  necessary  to  use  this  type 
of  cage  to  prevent  the  underfed  rats  from  eating  their  feces. 
The  cages  were  kept  as  clean  as  possible,  and  the  rats  remained 
healthy  with  the  exception  of  some  lung  infection,  especially 
among  the  older  rats. 

The  temperature  of  the  room  in  which  the  control  rats  were 
kept  remained  usually  at  about  21°  C.  (70"  F.),  but  occasionally 
it  dropped  as  low  as  16°  C.  {56°  F.)-  Inasmuch  as  underfed 
rats  are  very  susceptible  to  cold  (even  a  slight  chilling  being 
sometimes  fatal),  a  part  of  them,  litters  Stio,  Stii,  Str2,  were 
kept  in  a  separate  room  where  the  temperature  ranged  con- 
stantly between  27°  and  32°  C.  (80"  and  90*  F.),  The  reduced 
power  of  the  underfed  rats  to  resist  cold  is  probably  due  to  the 
exhaustion  of  reserve  material  in  the  body,  which  ordinarily 
would  be  oxidized  to  maintain  the  normal  temperature. 

In  spite  of  keeping  the  test  rats  very  warm,  it  was  found  very 
difficult  to  hold  them  strictly  at  constant  body  weight  for  more 
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than  thirteen  or  fourteen  weeks,  and  keep  them  alive;  so  as  a 
rule  they  were  permitted  to  increase  slightly  in  body  weight  after 
that  time.  Aron  ('11)  and  Jackson  ('15)  similarly  found  it 
increasingly  difficult  to  hold  animals  at  constant  body  weight  as 
the  experiment  prt^ressed. 

Individual  weight  records  were  kept,  the  individuals  rats  being 
identified  by  staining  the  integument  with  an  aqueous  solution 
of  picric  acid.  The  weight  of  the  rats  was  always  recorded 
immediately  before  feeding.  The  test  rats  were  weighed  daily; 
whereas  the  controls  were  weighed  at  gradually  increasing 
intervals  (about  once  a  week  after  reaching  200  grams  body 
weight) . 

Previous  to  reaching  sexual  maturity  the  control  males  and 
females  were  usually  separated  in  order  to  prevent  pregnancy. 
In  the  case  of  the  stunted  rats  it  was  found  unnecessary  to  separ- 
ate the  sexes  while  being  underfed,  for  in  no  case  did  a  pregnancy 
result,  although  of  litter  No.  S8  the  control  female  and  also  those 
rats  refed  after  one  and  three  weeks  of  maintenance  each  bore 
one  litter. 

All  the  rats  were  fed  on  whole  wheat  (Graham)  bread  soaked  in 
whole  milk.  The  contro!  rats  were  given  an  abundant  amount  of 
food,  whereas  the  test  rats  received  during  the  underfeeding  just 
that  amount  of  food  required  to  hold  them  at  nearly  constant 
body  weight.  It  was  observed  that  the  test  rats  did  not  eat  their 
entire  maintenance  ration'  immediately  until  after  about  two 
weeks  of  underfeedir^.  Aron  ('11)  noted  that  at  first  it  was  neces- 
sary to  feed  a  dog  its  maintenance  ration  in  two  portions,  but 
after  a  short  time  it  was  able  to  eat  its  entire  allowance  at  a  single 
feeding.     Water  in  abundance  was  given  to  all  the  animals. 

It  was  found,  as  was  observed  by  Jackson  ('15),  that  the  rats 
are  for  a  time  held  at  constant  body  weight  upon  a  gradually 
diminishing  ration.  It  was  further  observed,  however,  that 
after  about  fifty  days  of  maintenance  there  is  no  further  decrease 
in  the  necessary  amount  of  food.  In  one  litter,  the  average 
amount  was  found  to  remain  practically  constant  from  the 
60th  to  the  I20th  day  of  the  experiment. 

After  being  held  at  maintenance,  the  test  rats  were  generously 
fed  for  different  periods  as  indicated  in  Table  I.     At  the  end  of 
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the  experiment  they  were  killed  and  autopsied  according  to  the 
method  used  by  Jackson  ('15),  with  a  few  modifications. 

Table  I. 
Record  of  Litters  Usn>. 


...d  Source.',    ^^^^^^    |  T«t  R.«. 

NuDibn  and  Stx  at  Rin  with  Chuicia  of      Rui  KiUxl 

S8CW)'  .  . 

S9CW)... 

S14CW)  .. 
S13CW).. 

S24CW).. 

St  10.  . . . 

St  II 

St  11 

iM. 

iF. 

iF. 

iM. 
iM. 

iM. 

IF.. 

iF.» 

3M. 
3F. 

3M. 

3F. 

IM. 

iM. 

iM. 

t  M. 
SF. 

iM. 

6¥. 

■     3M. 

4F. 

I  M.-I  F.  maint.  3  to  4  wks.  of  age.   ' 

I  M.-I  F.  maint.  3  to  6  wks.  of  age. 

I  M.-I  F.  maint.  3  to  10  wks.  of  age.  51  weeks 

I  M.-I  F.  maint.  3  to  4  wks.  of  age.   '. 

t  M.-I  F.  maint.  3  to  6  wks.  of  age.   48  weeks 

I  M.-I  F.  maint.  3  to  10  wks.  of  oge.j 

I  M.  maint.  3  to  10  wka.  of  age.          '63  weeks 

Alternating  atiort  periods  of  fasting  and      

ample  feeding.                                           J 

Alternating  short  period*  of  fasting  and 

ample  feeding.                                           

I  F.  maint.  3  to  11  wks.  of  age.           .11  weeks 
I  F.  maint.  3  to  la  wks,  of  age.           111}  weeks 
I  F.  maint.  3  to  la  wka.  of  age.           '13  weeks 
I  M.  maint.  3  to  la  wks.  of  age.           14  weelcs 
iF.   maint.  3  to  11  wks.  of  age.          ,16  weeks 
I  M.-i  F.  maint.  3  to  la  wks.  of  age.  13  weeks 
1  F.            maint.  3  to  la  wks.  of  age.'i4  weeks 
1  F.            maint.  3  to  11  wks.  of  age.;i6  weeks 
I  M.  maint.  3  to  il  wks.  of  age.          'il  weeks 
I  M.  maint.  3  to  11  wks.  of  age.          ,tii  weeks 
t  F.  maint.  3  to  la  wks.  of  age.           |I3  weeks 
1  P.  maint.  3  to  11  wks.  of  age.            14  weeks 
I  M.-I  F.  maint.  3  to  la  wks.  of  age.|i6  weeks 

Total.... 

SM. 

4F. 

ISM. 
ai  F. 

' 

For  economy  of  space,  only  the  averj^e  data  are  indicated  in 
most  cases  in  this  paper.  A  copy  of  the  cards  containing  the 
individual  data  will  be  filed  in  the  Wiatar  Institute  of  Anatomy 
(Philadelphia)  however,  where  they  will  be  accessible  to  anyone 
interested. 

On  account  of  the  relatively  small  number  of  observations,  and 
the  known  variability  of  the  various  organs,  the  data  are  incon- 
clusive in  some  cases.  They  are,  however,  sufficient  to  show 
clearly  some  of  the  more  obvious  and  important  changes  in  the 
rats  refed  after  various  periods  of  maintenance. 

An  abstract  of  the  present  paper  has  been  published  in  the 

■  W  -  litters  from  Wislar  stock;  the  others  are  from  Minnesota  stock, 
*  Controls  in  litters  St  10  and  St  la  killed  at  16  weeks  of  age. 
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Proceedings  of  the  American  Association  of  Anatomtsts,  New 
xHaven  meeting,  Dec.,  1915  (Stewart,  '16). 

Alternate  Fasting  and  Rsfeeding  Experiments, 
The  two  litters  utilized  for  the  alternate  fasting  and  refeeding 
experiments  included  six  rats  (Table  II.),  of  which  three  served 
as  the  test  animals,  and  three  as  the  controls.  The  former  were 
frequently  held  at  constant  body  weight  for  short  periods  (3-4 
days),  and  abundantly  fed  during  the  intervening  time.  With 
each  repeated  fast  the  body  weight  was  held  constant  at  a  pro- 
gressively higher  level. 

Table  II. 

Tas  Gain  th  Boot  Wbjght  in  Mal.b  Rats  Rivbd  aftek  BBtMG  Hbld  at  a 

Constant  Body  Wbicht  fob  Sbobt  Repeatbd  Pbrtods,  as  Compakbd 

WITH  THB  Controls. 


TquJ  No.  of 

»..,,D.„ 

liUalW 

^;ri? 

Grmm^ 

Sit 

9S' 

a 

143 

11.4 

376.0 

353.6 

1.77 

SJ3 

oy 

143 

34.1 

3lg.O 

I93-S 

1.36 

07 

43 

Sa, 

OB 

43 

347.0 

334-0 

Sm 

W* 

3S4-0 

333-3 

1-93 

40 

71 

19.0 

336.0 

Average  tor  control 

aj.4 

349.3 

336.0 

1.69 

Average  for  test  rats 

11.3 

346.0 

314.7 

3-S4 

For  each  litter  the  average  daily  increase  in  body  weight 
(Table  II.),  when  growth  was  permitted  was  somewhat  higher  in 
the  test  rats  than  in  the  controls.  Thus  the  average  final  weight 
of  the  controls,  249,3  grams,  was  nearly  reached  by  the  test  rats 
(average  246.0  grams),  although  the  latter  had  a  much  shorter 
period  of  actual  growth. 

On  the  whole,  therefore,  the  data  show  the  growth  of  the  test 
rats  after  short  periods  of  maintenance  to  be  unusually  rapid, 
so  they  were  able  to  overtake  the  controls.  Seland  ('88), 
however,  noted  that  rabbits  and  chicks  enduring  alternate  short 
periods  of  fasting  and  generous  feeding,  became  even  heavier 
than  the  controls.  Apparently  he  obtained  a  stimulation  of 
growth  which  enabled  the  test  animals  to  exceed  the  controls. 

'  Controls. 
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Since  this  difference  in  degree  of  stimutation  might  possibly  be 
due  to  the  fact  that  Seland's  animals  suffered  a  more  severe  star- 
vation than  mine,  it  was  decided  to  starve  my  rats  more  severely 
than  had  previously  been  done.  The  test  rats  of  litter  S23  were 
therefore  subjected  to  starvation  for  three  days,  and  the  test 
rats  of  litter  S24  for  four  days.  They  were  then  abundantly  fed 
for  15  and  20  days  respectively,  but  still  failed  to  exceed  the 
controls  in  body  weight,  and  showed  no  tendency  to  do  so,  Noi 
('00)  noted  little  or  no  over-compensation  in  body  weight  in  rats 
refed  after  repeated  periods  of  starvation. 

Table  III. 

The  Avbracb  Daily  Loss  in  Grams  in  Male  Albino  Rats  Following 

Rbpbatbp  Sbvbrb  Stasvatiok. 


Uiwr 

R„Na. 

No.  of 

Unyi 

Wi.  Brfor. 

1  Wl.  .1  End 

LoHta 

Lo». 

AxncE 

No. 

Ful. 

FuiW. 

F.H.G. 

ofFwO. 

Grun*. 

P«C«i. 

S14 

roo 

First 

J 

"69.5 

.        303.6 

67.S 

ISO 

9.6 

S34 

Second 

7 

a69.0 

*01.B 

67.8 

as.r 

9.6 

S13 

57 

Firat 

6 

340.0 

I77-S 

6a.s 

36,0 

I0-* 

S33 

Second 

Mi-S 

177.S 

16.5 

9-1 

S33 

98 

Firat 

7 

354.8 

1 91.0 

63.8 

35.0 

9.1 

Sj3 

98 

Second 

8 

_JJS>:S 

191-0 

67.5 

36.0 

8.4 

Later  the  test  rats  of  these  two  litters  (S23  and  S24)  were  used 
to  investigate  another  point,  Kahan  ('85)  observed  that  in 
pigeons  the  daily  average  loss  in  weight  increased  with  each 
repeated  fast  involving  a  loss  of  30  to  45  per  cent,  of  the  initial 
body  weight.  My  data  {Table  III.)  show  practically  no  tendency 
for  the  daily  loss  in  body  weight  to  increase  in  rats  in  repeated 
severe  starvation  periods.  In  fact  the  average  loss  for  rats 
Nos.  97  and  98  was  slightly  less  during  the  second  fast  than  during 
the  first,  which  suggests  that  possibly  their  power  to  resist  star- 
vation had  been  increased.  The  difference  between  my  results 
and  those  obtained  by  Kahan  may  be  due  to  the  fact  that  his 
animals  were  more  severely  starved  than  mine.  It  is  also  prob- 
able that  different  species,  as  well  as  different  individuals  of  the 
same  species,  may  react  differently  in  this  respect. 

Following  the  periods  of  severe  starvation  the  amount  of 
food  eaten  daily  by  the  rats  above  mentioned,  and  their  resultant 
weight,  were  carefully  observed.     During  the  first  four  days  of 
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refeeding,  the  body  weight  of  the  rats  increased  from  an  average 
of  190,2  grains  (range  177,5-202.0),  to  an  average  of  227,8  grams 
(209,o*-246.o).  The  average  amount  of  food  eaten  during  the 
four  days  of  refeeding  was  247.7  grams  (195-304),  which  pro- 
duced an  actual  average  increase  of  37.6  grams  {31.5-44.0). 
Thus  on  the  average  15.1  per  cent.  (13.4-16.6  per  cent.)  of  the 
ingested  food  was  implied  toward  increment  of  body  weight 
(not  taking  into  account  the  weight  of  ingested  water  and  salts). 
In  this  respect  my  results  are  markedly  different  from  those  ob- 
tained by  Morgulis  ('li),  who  found  the  increase  in  body  weight 
of  starved  salamanders  following  refeeding  might  even  exceed 
the  weight  of  the  ingested  food.  The  absorption  of  water,  how- 
ever, is  doubtless  much  greater  in  the  case  of  the  salamanders, 
which  probably  accounts  for  the  difference. 

To  summarize,  the  fasting  and  refeeding  experiments  yielded 
the  following  results:  (i)  The  dally  averi^e  gain  in  weight  was 
greater  in  the  test  rats  on  generous  feeding  following  short 
periods  of  fasting  than  in  the  controls.  The  test  rats  were  thus 
able  to  overtake  (but  not  to  exceed)  the  controls.  (2)  The  aver- 
se daily  loss  in  weight  did  not  increase  on  suffering  a  second 
period  of  starvation,  causing  a  loss  of  25  per  cent,  of  the  initial 
body  weight,  (3)  The  gain  in  weight  following  the  severe  fasts 
did  not  exceed  16.6  per  cent,  of  the  weight  of  the  ingested  food. 
(4)  So  far  as  body  weight  is  concerned,  the  rats  recovered  com- 
pletely on  refeeding  after  having  lost  25  per  cent,  of  their  initial 
body  weight. 

Refeeding  after  Various  Periods  of  Maintenance. 
I.  Growth  in  Body  Weight. 
The  average  absolute  increase  in  body  weight  of  the  test  rats 
refed  after  the  various  periods  of  maintenance,  and  of  the  full-fed 
controls  of  litters  S8,  Sg,  and  S14,  is  represented  by  the  growth 
curves  in  charts  A  and  B.  The  curves  show  that  the  growth 
of  the  stunted  rats  on  generous  feeding  was  considerably  higher 
for  some  time  than  the  normal  for  the  (younger)  controls  of  the 
same  body  weight,  which  enabled  the  test  rats  to  overtake  the 
controls  before  the  end  of  the  normal  growth  period. 
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The  unusually  rapid  growth  of  the  test  animals  is  more  strik- 
iogly  shown  in  charts  C  and  D,  in  which  the  growth  curves  of  the 
rats  refed  after  seven  weeks  of  maintenance  are  superimposed 
upon  the  growth  curves  of  the  normal  rats,  so  that  their  starting 
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Age  in  Dayg 
Chart  A.  Males.  Chart  showing  the  avemge  absolute  increase  ia  weight  of 
the  control  male  rats  from  the  age  of  three  weeks,  and  also  of  the  trat  males  refed 
after  various  periods  of  raaintenaoce.  The  curves  are  drawn  through  points  rep- 
resenting the  averages  of  the  individual  weights  of  the  rats  of  litters  SS.  S9.  and 
S14.  at  the  varioas  periods.     Body  weight  in  giams  is  represented  on  the  ordinate 

and  age  in  days  on  the  abscissa.    Controls.    —  Rats  refed  after  one 

week  of  maintenance. Rats  refed   after  three  weeks  of    maintenance. 

— ■  —  .  Rats  refed  after  seven  weeks  of  maiotenatiM. 

points  coincide.  The  curves  thus  constructed  show  an  initial 
rapid  diveigence  due  to  the  more  rapid  growth  of  the  test  rats 
during  the  first  few  weeks  of  refeeding.     Thus  the  stunted  rats 
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reach  the  same  ultimate  body  weight  as  the  controls,  but  in  a 
much  shorter  period  of  actual  g-rowth.  The  results  therefore 
agree  with  those  previously  stated  for  the  rats  subjected  to 
repeated  short  periods  of  alternate  fasting  and  refeeding. 

This  phenomenon  of  rapid  growth  following  periods  of  sup- 
pression has  been  observed  in  various  animals  by  Schapiro  ('05) 
(cat),    Matai    {'07)    (rat),    Miss   Springer    ('09)    (salamander). 
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Chart  B.  Peinales.  Chart  showing  the  average  absolute  increase  Id  weight  of 
the  control  female  rats  from  the  age  of  three  weeks,  and  also  of  the  teat  females 
refed  after  various  periods  of  maintenance.  The  curves  are  drawn  through  punts 
representing  the  averages  of  the  individual  weights  of  the  rats  of  titters  S8,  S9,  and 
S14.  at  the  various  periods.     Body  weight  in  groins  is  represented  on  the  ordinate 

and  age  in  days  on  the  absclBsa.    Controls.    —  Rats  refed  after  one 

week  of  maintenance. Rats  refed  after    three  weeks    of    maintenance. 

—  ■  —  ■  —  ■  Rats  refed  after  seven  weeks  o(  maintenance. 

Mot^Iis  ('11)  (salamander),  Schloss  ('il)  and  Boas  ('12) 
(human),  Miss  Ferry  ('13)  (rat),  Osborne  and  Mendel  ('15  and 
'16)  (rat),  and  others.  Osborne  and  Mendel  find  that  after 
periods  of  suppression  by  various  methods  the  growth  upon  re- 
feeding  appears  even  more  rapid  than  King's  ('15)  normal  for 
younger  rats  of  the  same  size.  Although  no  direct  controls  were 
observed  their  results  are  very  striking. 

If  we  accept  Minot's  ('08)  theory  that  the  relative  abundance 
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of  nuclear  material  in  embryonic  cells  accounts  in  part  for  the 
greater  intensity  of  embryonic  growth,  we  may  in  part  account 
for  the  rapid  growth  following  inanition  upon  the  same  principle, 
the  changed  nucleus-plasma  relation.     For  it  is  well  known  that 


»o  40  60  80  100  130  140  160  iSo  300  ISO  340  afio  aSo  300  330  34a 
A^e  in  Days 
Chart  C.  Males.  Chart  showing  the  curve  of  growth  of  the  test  male  rata 
refed  after  maintenance  Irom  three  to  ten  weeks  of  age,  auperimpoBcd  upon  that 
of  the  control  males,  so  that  the  sCaiting  points  coincide.  The  curves  are  drawn 
tlirough  points  representing  the  averages  of  the  individual  weights  of  the  rats  of 
litters  S8.  Sg  and  S14,  at  the  various  periods.     Body  weight  in  grams  is  represented 

on  Che  ordinate  and  age  in  days  on  the  abscissa.    Controls. ■  —  • 

Rats  refed  after  seven  weeks  of  maintenance. 

during  inanition  the  cell  nucleus  becomes  relatively  lar^e,  the 
loss  of  substance  being  greater  in  the  cytoplasm.  Thus  inanition 
tends  to  reduce  the  body  cells  to  an  embryonic  condition,  as 
found  by  Child  ('15)  in  extensive  experiments  upon  Planarians. 
It  is  also  possible  that  the  accelerated  growth  following  periods 
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of  suppression  is  due  to  specific  histological  changes  in  the  ductless 
glands,  as  suggested  by  Osborne  and  Mendel  ('i6). 

In  part,  however,  especially  in  the  first  few  days  of  refeeding, 
the  apparent  increase  in  body  weight  is  due  to  increase  in  contents 
of  the  alimentary  canal  (and  possibly  also  in  the  circulating 
media  of  the  body),  which  represent  increase  in  gross  body  weight, 
but  not  actual  growth  of  the  tissue-cells. 


140   360  2S0  300 

Age  in  Days 
Chajit  D.  Females.  Chart  showing  the  curve  of  growth  of  the  test  femalet 
refed  after  maintenance  from  three  to  ten  weeks  of  age.  superimposed  upon  that 
of  the  control  females,  so  that  the  starting  points  coincide.  The  curves  are  drawn 
through  points  representing  the  a.verage8  of  the  Individual  weights  of  the  rata  of 
litters  SS.  Sq,  and  S14,  at  the  various  periods.  Body  weight  in  grams  Is  repre- 
sented on  the  ordinate   and   age  in  days  on   the  abscissa.    Controls. 

—  -  —  •  —  ■  Rats  refcd  after  atveo  weeks  of  maintenance. 

The  rapid  growth  of  the  test  rats  which  enabled  them  to  over- 
take the  controls,  however,  did  not  persist  beyond  the  point 
when  the  normal  adult  weight  was  reached.  This  is  evident 
from  the  fact  that  the  average  adult  body  weight  of  the  refed 
animals  (Table  III.)  was  not  greatly  diflereat  from  that  of  the 
controls.  Although  the  controls  averaged  slightly  higher  than 
the  test  rats  of  the  same  sex,  the  differences  are  too  small  to  be 
considered  significant.  The  final  weight  of  the  males  refed  after 
seven  weeks  of  maintenance  averaged  considerably  below  that 
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of  the  controls,  but  this  was  probably  due  to  chance  variation, 
and  does  not  indicate  an  actual  stunting  of  the  test  rats.  The 
females  show  complete  recovery. 

Aron  ('14)  noted  no  permanent  stunting  effects  on  the  body 
weight  in  young  rats  underfed  less  than  150  days.  Osborne  and 
Mendel  ('15,  '16)  have  likewise  observed  attainment  of  normal 
adult  body  weight  after  suppression  of  growth  during  a  period 
equal  to  or  exceeding  the  normal  growth  period.  One  female 
(2033)  stunted  by  feeding  on  a  limited  quantity  of  food  after  the 
age  of  513  days  increased  from  59  grams  to  222  grams  in  body 
weight.  Osborne  and  Mendel  ('16)  in  their  rats  refed  after 
extended  periods  of  growth  suppression  note  a  marked  tendency 
even  to  exceed  the  normal  ultimate  body  weight  observed  by 
King  ('15). 

In  my  experiments,  the  inanition  period  was  begun  in  rats  at  an 
earlier  age  (3  weeks)  than  in  the  investigations  just  mentioned. 
Even  in  these  very  young  rats,  however,  the  recovery  in  body 
weight  is  usually  complete,  upon  refeeding  after  maintenance 
periods  of  one  to  seven  weeks. 

The  experiments  of  Briining  C'14),  however,  indicate  that  stunt- 
ing produced  by  subjecting  newborn  rats  to  repeated  periods  of 
fasting  during  the  normal  nursing  period  may  persist,  at  least 
until  fifty-four  days  of  age,  the  test  animals  usually  showing  no 
tendency  toward  compensatory  over^owth  when  placed  upon 
an  artificial  mixed  diet.  Whether  or  not  complete  recovery 
might  occur  later  was  not  determined. 

2.  Ratio  of  Tail  Length  to  Body  Length  {Table  IV.). 

Jackson  ('15)  noted  that  in  young  albino  rats  held  at  constant 
.body  weight,  the  ratio  of  the  tail  length  to  the  body  length 
increases  from  an  average  of  .66  (normal)  at  three  weeks  to  .84 
at  ten  weeks.  In  the  two  rats  killed  at  the  end  of  nine  weeks  of  ■ 
maintenance  the  tail-ratio  (Table  IV.)  was  .93  and  .89,  which 
shows  that  in  my  rats  the  tail  likewise  became  relatively  long 
during  the  inanition  period. 

At  the  end  of  each  period  of  refeeding  (Table  IV.),  the  average 
tail-ratio,  in  the  test  rats  (with  two  exceptions)  ranged  between 
.80  and  .84,  which  is  a  little  below  the  normal  for  rats  of  corre- 
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sponding  body  weight.  In  the  females  refed  four  weeks  the 
ratio  (.64)  was  practically  identical  with  that  in  the  controls 
(.85).  For  the  male  rat  of  this  group  the  value  was  exceptionally 
low  {.76),  as  was  also  true  of  the  male  refed  two  weeks.  In  the 
adult  rats  the  average  tail-ratio  was  practically  normal  in  the 
test  males  and  females,  as  compared  with  the  controls  of  the 
same  sex. 

In  general,  therefore,  it  appears  that  the  tail  and  body  assume 
the  normal  proportions  (for  oirresponding  body  weight)  in  the 
test  rats  during  the  first  week  of  refeeding,  and  remain  normal  at 
all  subsequent  periods.  The  exceptional  cases  are  probably  due 
to  normal  variability. 

3.  Head  {Table  IV.). 

According  to  Jackson  ('15),  the  head  normally  forms  an  average 
of  22,5  per  cent,  of  the  body,  the  average  net  body  weight  being 
21.2  grams.  In  the  female  rat  killed  after  being  kept  at  constant 
body  weight  (24.3  grams  net)  from  three  to  twelve  weeks  of  age, 
the  head  (Table  IV.)  formed  22.2  per  cent,  of  the  net  body 
weight.  In  the  male  rat  of  this  group  the  relative  weight  of  the 
head  (17.7  per  cent.)  was  unusually  low,  which  was  due  to  the 
body  weight  being  unusually  high.  It  is  probable  that  the  weight 
of  the  head  remained  practically  unchanged  during  maintenance, 
as  noted  by  Jackson  ('15). 

On  refeeding  (as  also  during  nonnal  growth)  the  relative  weight 
of  the  head  gradually  decreases,  reaching  an  average  of  15. 1 
per  cent,  in  the  females  refed  one  week,  whose  net  body  weight 
averted  51.5  grams.  This  is  nearly  identical  with  the  relative 
weight  (15.2  per  cent.)  of  the  head  observed  by  Jackson  ('13) 
for  normal  rats  of  practically  the  same  body  weight  (50  grams). 
The  relative  weight  of  the  head  in  the  rats  refed  four  weeks  was 
practically  the  same  as  in  the  controls  of  the  same  age  (Table 
IV.).  In  the  adult  rats  the  head  was  nonnal  in  the  test  animals 
as  compared  with  the  controls.  On  the  whole,  then,  the  head 
appears  to  have  remained  practically  normal  in  relative  weight 
throughout  the  period  of  refeeding. 
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4.  Extremities  and  Trunk  (Table  IV.). 

The  relative  weight  of  the  upper  extremities  8.5  and  9.1  per 
cent,  (Table  IV,)  in  the  two  rats  killed  at  the  end  of  nine  weeks  of 
maintenance,  compares  closely  with  the  relative  weight  (9.3  per 
cent.)  obtained  by  Jackson  and  Lowrey  ('12)  for  the  normal  three 
week  rat.  According  to  Jackson  ('15),  there  is  apparently  a 
slight  decrease  in  the  relative  weight  of  the  fore-limbs  in  the  test 
rats  from  9.3  per  cent,  to  an  average  of  8.8  per  cent.,  which, 
however,  might  be  due  to  accidental  variation. 

On  refeeding,  the  relative  weight  of  the  forelimbs  gradually 
decreased,  reaching  an  average  of  7.4  per  cent,  (sexes  combined) 
at  the  end  of  the  second  week,  with  average  net  body  weight  of 
72.8  grams.  Jackson  and  Lowrey  ('12)  found  the  upper  extrem- 
ities to  form  on  the  average  6.7  per  cent,  of  the  body  in  rats 
weighing  79.2  grams  net.  The  weight  then  in  my  rats  refed 
two  weeks,  although  slightly  higher,  is  therefore  nearly  normal. 
At  the  end  of  four  weeks  of  refeeding  the  upper  extremities  were 
also  slightiy  heavier  in  the  test  rats  than  in  the  controls;  but  in 
the  adult  rats  the  relative  weight  was  practically  normal  in  the 
refed  individuals,  as  compared  with  the  controls. 

In  general,  therefore,  the  forelimbs  appear  practically  normal 
throughout  the  various  refeeding  periods,  though  perhaps  rela- 
tively somewhat  heavy  at  the  end  of  two  and  four  weeks  of 
refeeding. 

The  lower  extremities  (Table  IV.)  formed  15.8  and  17.7  per 
cent,  of  the  body  in  the  two  rats  killed  after  maintenance  for 
nine  weeks.  This  is  practically  identical  with  the  normal  at 
three  weeks  of  age  (15.7  per  cent.)  found  by  Jackson  ('15),  who 
also  found  no  distinct  change  in  the  weights  of  the  extremities  in 
young  rats  held  at  maintenance  for  considerable  periods. 

On  refeeding,  the  relative  weight  of  the  lower  extremities  at 
the  end  of  the  second  week  averaged  17. i  per  cent,  of  the  average 
net  body  weight  (72.8  grams)  which  is  slightly  higher  than  the 
value  (14.9  per  cent.)  observed  by  Jackson  and  Lowrey  for  rats 
averaging  79,2  grams.  At  the  end  of  four  weeks  of  refeeding  the 
lower  extremities  were  relatively  lighter  in  the  test  rats  than  in 
the  controls,  whereas  in  the  adult  the  weights  were  practically 
identical  in  the  refed  and  control  animals. 
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The  relative  weight  of  the  trunk  (Table  IV.)  averaged  54.5 
per  cent,  in  the  rats  killed  at  the  end  of  the  maintenance  period, 
which  corresponds  closely  with  the  weight  (54.1  per  cent.) 
observed  by  Jackson  for  the  trunk  in  normal  rats  at  three  weeks. 

At  the  end  of  two  weeks  of  refeeding  the  trunk  formed  an 
average  of  62.7  per  cent,  (sexes  combined)  in  the  rats  weighing 
72.8  grams,  as  compared  with  63.2  per  cent,  noted  by  Jackson  and 
Lowrey  in  normal  rats  at  79.2  grams  net  body  weight. 

In  the  rats  refed  four  weeks,  and  also  in  the  adult  test  rats,  the 
relative  weight  of  the  trunk  was  practically  normal  as  compared 
with  the  controls. 

The  results  concerning  the  different  parts  of  the  body  there- 
fore fail  to  show  any  decided  deviation  from  the  normal  propor- 
tions throughout  refeeding  after  various  periods  of  maintenance. 


5.  Integument  (Table  IV.). 

Jackson  ('15)  observed  that  the  relative  weight  of  the  integu- 
ment in  rats  held  at  maintenance  from  three  to  ten  weeks  of  age, 
decreased  from  an  average  of  21.9  per  cent,  to  14.5  per  cent,  of 
the  net  body  weight.  The  data  for  my  rats  show  likewise  a  low 
relative  weight  for  the  integument  (average  of  16.0  per  cent.) 
in  rats  held  at  maintenance  for  nine  weeks. 

At  the  end  of  the  first  half  week,  and  first  week  of  refeeding 
the  relative  weight  of  the  integument  was  still  unusually  low  in 
the  test  rats,  although  an  increase  is  apparent  in  the  females 
refed  one  week.  During  the  second  week  of  refeeding  the  in- 
tegument rapidly  recovered  the  loss  suffered  during  inanition, 
forming  over  20  per  cent,  of  the  body.  This  average  is  close  to 
the  normal  at  corresponding  body  weight  found  by  Jackson  and 
Lowrey  ('12).  In  the  rats  refed  four  weeks,  and  also  in  the 
adult  test  animals  the  integument  was  relatively  slightly  heavier 
than  in  the  controls  of  the  same  age.  The  difference,  however, 
is  probably  insignificant. 

It  therefore  appears  that  on  refeeding  the  integument  rapidly 
recovers  the  loss  suffered  during  maintenance,  reaching  the 
normal  proportions  within  the  first  two  weeks,  and  remains  prac- 
tically normal  at  all  subsequent  periods. 
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6.  Skeleton  {Table  IV.). 

Three  weighings  were  taken  of  the  skeleton  prepared  as 
described  by  Jackson  ('15),  who  found  that  the  skeleton  increases 
greatly  in  weight  during  maintenance.  The  high  relative  weight 
of  the  ligamentous  skeleton  (17,2-19.8  per  cent.)  in  my  two  rats 
killed  after  nine  weeks  of  maintenance  as  compared  with  Jackson's 
normal  at  three  weeks  (15.7  per  cent.)  is  in  agreement  with  this 
conclusion. 

On  refeeding,  the  relative  weight  of  the  ligamentous  skeleton 
gradually  decreases,  reaching  an  average  {in  the  females)  of  12.4 
per  cent,  at  the  end  of  the  second  week.  This  is  slightly  lower 
than  the  percentage  weight  (14.0)  obtained  by  Jackson  and  Low- 
rey  for  the  ligamentous  skeleton  in  normal  rats  of  about  the  same 
body  weight.  It  appears  then  that  the  skeleton  had  decreased 
in  relative  weight  during  the  first  two  weeks  of  refeeding  suffi- 
ciently to  reach  the  normal  proportions.  In  the  rats  refed  four 
weeks,  and  also  in  the  adult  test  rats,  the  relative  weights  of  the 
l^mentous  skeleton  were  practically  normal  as  compared  with 
the  controls. 

The  data  (Table  IV.)  show  that  a  marked  increase  occurred 
also  in  the  moist  cartilaginous  skeleton  in  the  test  rats  during 
maintenance,  as  is  evident  upon  comparison  with  the  relative 
weight  (11. 4  percent.)  given  by  Jackson  ('15)  for  the  normal  rat 
at  three  weeks.  During  refeeding,  the  relative  weight  of  the 
moist  cartilaginous  skeleton  gradually  decreased,  reaching  an 
average  of  ri.9  per  cent,  of  the  body  in  the  rats  refed  four  weeks, 
as  compared  with  an  average  of  11. 5  per  cent,  in  the  controls. 
In  the  adult  rats  there  was  very  little  difference  between  the 
test  animals  and  controls. 

The  dried  cartilaginous  skeleton  was  also  relatively  heavier  in 
the  maintenance  rats  at  twelve  weeks  {5.24-5.96  per  cent.)  than 
the  normal  (3.43  per  cent.)  found  by  Jackson  for  rats  at  three 
weeks  of  age.  On  refeeding,  the  relative  weight  of  the  dried 
skeleton  has  decreased  notably  by  the  end  of  one  week  (Table 
IV.),  and  has  probably  reached  the  normal  at  two  weeks.  After 
four  weeks'  refeeding,  and  in  the  adults,  the  percentage  of  the 
dry  skeleton  is  nearly  identical  in  test  animals  and  controls. 

The  relative  amount  of  dry  substance  in  the  cartilaginous 
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skeleton  had  also  increased  from  31.4  per  cent.  Qackson,  '15) 
for  the  normat  three  weeks'  rat,  to  an  average  of  34.5  per  cent, 
in  the  rats  killed  after  nine  weeks  of  maintenance.  In  the  rats 
refed  four  weeks  the  dry  substance  increased  to  45.9  per  cent,  of 
the  moist  cartilaginous  skeleton,  which  is  fairly  close  to  that 
found  in  the  control  (46.6  per  cent.). 

It  therefore  appears  that  the  ligamentous  and  cartila^nous 
skeletons  reach  the  normal  proportions  during  the  first  two 
weeks  of  refeeding.  This  is  probably  true  also  for  the  dry  skele- 
ton, although  controls  are  lacking  before  the  fourth  week. 

7.  Musculature  (Table  IV.). 

In  the  two  rats  killed  at  the  end  of  nine  weeks  of  maintenance 
the  relative  weight  of  the  musculature  {36.2-38.3  per  cent.)  is 
considerably  higher  than  the  norm  (31.2  per  cent.)  obtained  by 
Jackson  ('15)  for  the  three  weeks'  rat.  This  may  be  due  partly 
to  an  increase  in  the  musculature  during  maintenance  (a  slight 
increase  being  found  by  Jackson).  The  body  weight  is  above 
normal  in  these  two  rats,  however,  in  which  case  the  musculature 
would  normally  be  relatively  heavier.  For  the  normal  rat  at 
42.4  grams,  Jackson  found  the  musculature  forming  35.3  per 
cent.,  although  at  64.4  grams  body  weight  Jackson  and  Lowrey 
('12)  found  the  musculature  forming  32.7  per  cent. 

In  my  test  rats  refed  one  half  week  (average  net  weight  40,7 
grams)  the  musculature  averaged  34.3  per  cent.,  whereas  in  the 
female  rats  refed  two  weeks  (average  net  weight  69.4  grams) 
the  musculature  formed  only  32.1  per  cent,  of  the  body.  There 
is  evidently  considerable  individual  variation,  and  it  is  dillicult 
to  make  the  dissection  of  the  musculature  in  a  uniform  manner. 
In  the  rats  refed  four  weeks,  and  also  in  the  adult  test  animals 
the  percentage  weight  of  the  musculature  was  nearly  identical 
with  that  of  the  controls. 

From  the  foregoing  it  may  be  concluded  that  the  musculature 
(which  possibly  was  slightly  heavier  than  the  normal  for  body 
weight  at  the  end  of  maintenance),  assumed  practically  the 
normal  proportions  during  the  first  week  of  refeeding  and  re- 
mained normal  at  all  subsequent  periods. 
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8.  Viscera  and  "Remainder"  {Table  IV.). 

The  relative  weight  of  the  visceral  group  (including  the  ab- 
dominal and  thoracic  viscera,  spinal  cord,  brain  and  eyeballs) 
in  the  rats  killed  at  the  end  of  the  fasting  period  corresponds 
closely  with  the  weight  (20.5  per  cent.)  found  by  Jackson  C'15) 
for  the  normal  rat  of  three  weeks.  Concerning  the  visceral 
group,  Jackson  noted  during  maintenance  a  distinct  tendency  to 
increase  in  weight,  which  was  more  marked  at  six  and  eight  than 
at  ten  weeks.  The  fact  that  my  rats  fail  to  show  an  increase 
in  the  relative  weight  of  the  visceral  group  probably  is  due  to 
their  longer  period  of  stunting,  during  which  the  liver  especially 
tends  to  decrease  in  weight. 

According  to  Jackson  and  Lowrey,  the  relative  weight  of  the 
visceral  group  is  21.3  and  20.4  per  cent,  of  the  body  at  three  and 
six  weeks  of  age,  the  net  body  weight  averaging  24.8  and  64.4 
grams  respectively.  In  my  rats  refed  one  week  and  less,  the 
relative  weight  of  the  viscera  (Table  IV.)  in  all  cases  formed  about 
20  per  cent,  of  the  body,  thus  being  approximately  normal.  At 
the  end  of  two  weeks  of  refeeding  however  the  visceral  group 
appears  exceptionally  light,  the  relative  weight  being  17.7  per 
cent,  as  compared  with  20.4  per  cent,  given  above  for  the  normal 
rat  of  about  the  same  body  weight  (64.4  grams).  After  four 
weeks  of  refeeding  the  viscera  collectively  were  relatively  heavier 
in  the  test  rats  than  in  the  controls,  whereas  in  the  adult  rats 
the  weights  are  nearly  identical  in  the  test  animals  and  con- 
trols. 

In  general  it  therefore  appears  that  the  relative  weight  of  the 
visceral  group  was  about  normal  during  the  refeeding,  A 
considerable  variation  in  the  weight  of  the  visceral  group  is  not 
unusual. 

The  weight  of  the  "remainder"  (Table  IV.),  which  includes 
some  small  unwelghed  organs,  fat,  and  body-fluids,  was  obtained 
by  deducting  the  weight  of  the  integument,  skeleton,  muscula- 
ture, and  viscera  from  the  net  body  weight.  The  data  show  con- 
siderable variation  but  it  is  doubtful  whether  there  is  any  material 
change  from  the  normal  during  refeeding  in  the  test  rats. 
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9.  Brain  {Table  V.). 

The  brain  shows  but  little  deviation  from  Donaldson's  ('15) 
Wistar  norm  for  rats  of  same  body  length  in  either  the  rats 
killed  at  the  end  of  maintenance  or  in  those  refed  for  various 
periods.  Such  slight  fluctuations  from  the  norm  as  are  shown  in 
the  table  are  probably  within  the  range  of  normal  variation. 
Jackson  ('15)  noted  that  there  was  practically  no  change  in  the 
brain  weight  of  young  albino  rats  held  at  constant  body  weight 
for  considerable  periods. 

It  may  therefore  be  concluded  that  the  brain  weight  is  normal 
in  the  young  rats  at  the  end  of  the  maintenance  period,  and 
remains  normal  throughout  the  period  of  refeeding. 

10.  Spinal  Cord  (Table  V.). 

The  weight  of  the  spinal  cord  in  the  two  rats  killed  at  the  end 
of  the  maintenance  period  exceeded  Donaldson's  norm,  34.3  and 
19.9  per  cent.  This  confirms  Jackson's  {'15)  observation  that 
the  spinal  cord  shows  a  marked  growth  in  young  rats  held  at 
constant  body  weight. 

On  refeeding,  this  excess  weight  {as  compared  with  normal  for 
corresponding  body  length)  rapidly  disappeared,  so  that  by  the 
end  of  the  first  week  the  weight  of  the  spinal  cord  exceeds 
Donaldson's  norm  only  7.3  and  3.2  per  cent,  in  the  i  male  and  4 
females  respectively.  Thus  the  spinal  cord  had  nearly  regained 
the  normal  proportion. 

At 'the  end  of  two  and  four  weeks  of  refeeding  the  weight  of 
the  spinal  cord  was  slightly  below  the  Wistar  norm,  as  was  also 
true  of  the  controls  at  sixteen  weeks  of  age.  This  condition 
therefore  appears  to  be  normal  for  my  series  of  rats  and  not  an 
experimental  modification. 

In  the  test  rats  (refed  after  maintenance  for  various  periods) 
killed  at  the  age  of  one  year  the  weight  of  the  spinal  cord  was 
normal  as  compared  with  the  controls,  although  in  each  case  the 
average  weight  was  8  to  10  per  cent,  heavier  than  Donaldson's 
norm. 

In  general  therefore  the  results  indicate  that  the  spinal  cord, 
which  was  relatively  heavy  at  the  end  of  the  maintenance  period, 
returned  to  the  normal  proportion  during  the  first  two  weeks  of 
refeeding,  and  remained  normal  after  that  time. 
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11.  Eyeballs  (Table  V.). 

As  compared  with  Donaldson's  ('15)  norm,  the  eyeballs  were 
excessively  heavy  (plus  42.8  and  45,5  per  cent.)  in  the  two  rats 
killed  at  the  end  of  nine  weeks  of  maintenance.  The  persistent 
growth  of  the  eyeballs  in  young  rats  held  at  constant  body  weight 
was  discovered  by  Jackson  ('15).  In  the  rats  refed  one  half, 
one,  and  two  weeks  the  eyeballs  are  still  relatively  heavy  as 
compared  with  Donaldson's  norm,  although  the  difference  has 
decreased  somewhat  during  these  periods.  Even  in  the  rats 
refed  four  weeks  the  eyeballs  are  still  somewhat  above  Donald- 
son's norm,  but  are  practically  normal  as  compared  with  my 
controls. 

Likewise  in  the  adult  refed  rats,  as  compared  with  the  controls, 
the  eyeballs  appear  to  be  normal  in  weight,  although  in  the  females 
they  somewhat  exceed  the  Wistar  norm  in  weight. 

The  evidence  therefore  indicates  that  the  eyeballs,  which  were 
relatively  heavy  at  the  end  of  the  maintenance  period,  returned 
to  the  normal  proportion  by  the  end  of  the  fourth  week  of 
refeeding,  and  were  normal  in  the  adult  test  rats. 

12.  Thyroid  {Table  V.). 

At  the  end  of  the  maintenance  period  the  weight  of  the  thyroid 
in  the  male  rat  was  35.2  per  cent,  below  the  Wistar  norm,  while 
in  the  female  it  was  25.7  per  cent,  above,  Jackson  ('15)  noted 
that  the  thyroid  suffered  a  marked  loss  during  maintenance. 
The  exceptionally  lai^e  weight  for  the  female  above  noted  may 
be  due  to  experimental  error  or  normal  variation.  On  refeeding, 
the  thyroid  remains  below  Donaldson's  Wistar  norm,  although 
by  the  fourth  week  it  is  only  18.7  to  20.1  per  cent,  below.  In  the 
controls  for  this  group  the  weight  of  the  thyroid  is  also  below 
Donaldson's  norm  by  13.9  per  cent.,  which  deducted  from  the 
minus  20.1  per  cent,  for  the  test  females  leaves  6,2  per  cent,  loss 
apparently  produced  by  the  fasting  experiment.  In  view  of  the 
known  variability  of  the  thyroid,  this  difference  is  too  small  to 
be  considered  significant.  We  may  therefore  conclude  that  the 
thyroid  gland  has  probably  recovered  its  normal  weight  during 
the  four  weeks  of  refeeding.  In  the  adult  rats  the  fluctuations 
in  the  weight  of  the  thyroid  gland  are  likewise  well  within  the 
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limits  of  normal  variability,  and  show  no  indications  of  any 
persistent  effects  of  the  earlier  maintenance  period. 

13.  Thymus  {Table  V). 

The  weight  of  the  thymus  at  the  end  of  the  maintenance 
period  was  from  87.7  to  93.9  per  cent,  below  Donaldson's  norm. 
This  agrees  closely  with  Jackson's  ('15)  observadon  of  90  per  cent, 
loss  in  the  weight  of  the  thymus  due  to  "hunger  involution" 
during  maintenance  in  young  rats  from  the  age  of  3  to  10  weeks. 
At  the  end  of  two  weeks  of  refeeding,  the  thymus  was  still 
somewhat  below  Donaldson's  norm  (9,0  to  32.5  per  cent.); 
but  at  the  end  of  the  fourth  week  it  exceeded  the  norm  70.4  and 
52.5  per  cent,  in  the  male  and  female  test  rats  respectively,  while 
the  controls  averaged  14.6  per  cent,  below.  It  is  therefore 
evident  that  the  thymus  returned  to  the  normal  proportion 
between  the  second  and  fourth  weeks  of  refeeding.  The  weight 
of  the  thymus  in  the  test  rats  refed  four  weeks  was  remarkably 
high,  indicating  a  marked  over-compensation  of  the  loss  during 
"hunger  involution." 

In  the  adult  rats  the  thymus  was  relatively  heavier  in  the 
female  controls  than  in  the  female  test  rats,  whereas  the  converse 
was  true  of  the  males.  This  inconsistency,  tc^ther  with  the 
known  variability  in  the  normal  weight  of  the  thymus  (average 
coefficient  of  variation  is  34,  according  to  Jackson,  '13)  makes  it 
doubtful  whether  the  result  is  due  to  the  experimental  conditions 
or  is  due  merely  to  normal  variation.  Further  observations  will 
be  necessary  to  determine  this  question. 

The  results  in  general  therefore  indicate  that  in  the  stunted 
rats,  the  thymus  returns  to  the  normal  proportion  shortly  after 
the  second  week  of  refeeding,  and  greatly  exceeds  the  normal  at 
the  end  of  the  fourth  week.  The  data  for  rats  refed  to  the  adult 
stage  indicate  the  possibility  of  a  permanent  over-compensation 
in  the  growth  of  the  thymus  upon  refeeding  after  a  period  of 
maintenance. 

Jonson  ('09)  subjected  a  rabbit  (^e  6  weeks)  to  inanition  for 
31  days,  during  which  time  the  body  weight  increased  from  553 
to  655  grams.  The  animal  was  then  refed  for  three  weeks,  at 
the  end  of  which  time  the  weight  of  the  thymus  was  found 
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normal  as  compared  with  the  weight  in  a  control  killed  at  the 
end  of  the  fasting  period. 

Salkind  ('15)  observed  that  a  minimum  of  at  least  one  week  of 
refeeding  was  necessary  to  restore  the  normal  lymphoid  structure 
of  the  thymus  in  rats  suffering  severe  starvation  for  two  days. 

14.  Heart  (Table  V). 

The  heart  at  the  end  of  the  maintenance  period  was  15.6  and 
34.1  per  cent,  below  Donaldson's  norm  of  weight.  Jackson 
('15),  however,  noted  practically  no  change  in  the  weight  of  the 
heart  during  maintenance.  The  discrepancy  in  my  rats  may 
possibly  be  due  either  to  noimal  variation  or  to  experimental  error.' 

At  the  end  of  the  various  refeeding  periods  the  heart  (with  one 
exception)  was  heavier  than  Donaldson's  norm,  the  excess  varying 
from  3.0  to  22.9  per  cent.  At  the  end  of  four  weeks  of  refeeding, 
the  weight  of  the  heart  in  the  test  females  exceeded  the  Wistar 
norm  17.6  j)er  cent,  while  the  controls  exceeded  it  by  17.0  per  cent. 
The  heart  therefore  appears  practically  normal  in  weight  at 
sixteen  weeks  in  the  refed  rats  as  compared  with  the  controls. 
This  was  also  true  for  the  adult  animals. 

In  general,  therefore,  it  may  be  concluded  that  the  heart  was 
probably  nearly  normal  in  the  test  rats  throughout  refeeding, 
although  it  appears  relatively  heavy  (in  comparison  with  Donald- 
son's norm)  during  the  earlier  weeks  of  refeeding. 

15.  Lungs  (Table  V.). 

The  weight  of  the  lungs  was  17. i  and  27.0  per  cent,  below  the 
Wistar  norm  at  the  end  of  nine  weeks  of  maintenance,  indicating  a 
decrease  in  size  during  that  period.  Jackson  ('15)  found  a  loss 
of  about  15  per  cent,  during  seven  weeks  of  maintenance.  The 
lungs  were  also  somewhat  below  the  norm  during  the  first  week 
of  refeeding,  but  somewhat  above  thereafter.  The  excess  was 
especially  marked  in  the  rats  refed  four  weeks  (42.0  to  69.3 
per  cent.),  but  the  controls  also  showed  an  excess  weight  of  44.1 
per  cent.  This  excess  might  be  due  to  an  over-compensation  of 
growth,  or  merely  to  variability  from  other  causes  (possibly 
pathological,  due  to  slight  pulmonary  infection).  In  the  adult 
rats  the  lungs  were  smaller  than  the  norm  except  in  the  case  of 
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the  test  females,  which  were  slightly  lai^er.     The  differences 
are  probably  due  to  individual  variation. 

The  results  therefore  indicate  that  the  lungs,  which  lose  weight 
during  maintenance,  completely  recovered  within  two  weeks  of 
refeeding.  There  is  possibly  an  o^/er-compensatory  growth 
before  the  end  of  four  weeks,  but  no  indication  of  such  in  the 
animals  refed  to  the  adult  st^^e. 

i6.  lAwr  iTabU  V.). 

The  weight  of  the  liver  in  the  two  rats  killed  at  the  end  of  nine 
weeks  of  maintenance  was  37.5  and  59.4  per  cent,  below  Donald- 
son's norm  for  the  male  and  female  respectively.  (However, 
Jackson  ('13)  found  the  normal  liver  weight,  especially  in  young 
rats,  considerably  below  the  curve  derived  from  Hatai's  formula, 
upon  which  Donaldson's  norm  is  based.)  Jackson  ('15)  found 
the  liver  to  increase  in  weight  in  rats  held  at  maintenance  from 
three  to  six  and  ten  weeks  of  age,  but  it  decreased  in  those  held 
for  longer  periods  (from  six  to  thirty-two  weeks  of  age).  The 
low  weight  of  the  liver  for  my  rats  at  the  end  of  the  maintenance 
period  was  probably  due  in  part  to  the  length  of  their  maintenance 
period.  • 

During  the  first  four  weeks  of  refeeding  the  weight  of  the  liver 
was  below  Donaldson's  norm,  except  in  the  male  refed  one  half 
week.  In  most  instances,  however,  especially  after  the  first  week, 
the  deviations  are  within  the  limits  of  normal  variation.  In  the 
controls  at  sixteen  weeks,  however,  the  weight  of  the  liver  was 
23.3  per  cent,  below  the  norm,  while  in  the  test  females  of  the 
same  age  it  was  but  5.3  per  cent,  below.  Thus  when  compared 
with  Donaldson's  norm,  the  liver  is  about  normal  in  the  test  rats 
refed  four  weeks,  but  when  compared  with  the  controls  it  is 
relatively  heavy. 

In  the  adult  test  rats  the  weight  of  the  liver  was  very  close  to 
Donaldson's  norm,  but  very  low  ( — 18.3  to  — 21.0  per  cent.)  in 
the  controls. 

Therefore  in  comparison  with  the  Wistar  norm  the  liver 
appears  practically  normal  after  the  first  week  of  refeeding.  As 
compared  with  the  controls,  however,  there  is  some  indication  of 
hypertrophy  in  the  liver  of  the  rats  refed  four  weeks,  and  also  in 
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the  adult  test  animals.  It  is  more  probable  that  this  apparent 
increase  is  due  merely  to  normal  variability,  which  is  quite  large 
in  the  liver. 

17.  S^m  {Table  V.). 

Jackson  ('15)  noted  a  considerable  decrease  in  the  weight  of  the 
spleen  in  rats  held  at  maintenance  from  three  to  eight  and  ten 
weeks  of  age.  My  data  (Table  V.)  likewise  indicate  that  the 
spleen  is  low  in  weight  at  the  end  of  nine  weeks  of  underfeeding 
(minus  10.7  and  44.9  per  cent.)  when  compared  with  Donaldson's 
norm. 

On  refeeding,  at  all  periods  the  weight  of  the  spleen  was  much 
higher  than  Donaldson's  norm,  the  excess  appearing  greater  at 
one  and  two  weeks  of  refeeding,  than  at  later  periods.  In  the 
controls  the  spleen  likewise  exceeded  the  Wistar  norm,  82.8 
per  cent,  at  sixteen  weeks,  and  23.5  and  36.6  per  cent,  in  the  adult 
control  males  and  females  respectively.  As  compared  with  the 
controls  the  spleen  was  practically  normal  in  the  adult  test  rats. 

In  this  connection  it  may  be  noted  that,  as  was  pointed  out  by 
Jackson  ('13),  Hatai's  formula  for  the  growth  of  the  spleen 
(upon  which  Donaldson's  norm  is  based)  gives  a  curve  which  in 
general  is  too  low  (excepting  the  earlier  stages),  because  he 
excluded  all  "enlarged  "  spleens  from  the  series,  without  apparent 
justification.  In  most  cases,  however,  the  spleens  of  my  refed 
rats  appear  considerably  heavier  even  than  Jackson's  curve. 
The  fact  that  the  weight  of  the  spleen  is  normally  exceedingly 
variable,  as  shown  by  Jackson  ('13)  must  also  be  kept  in  mind. 

In  general  therefore  the  results  indicate  that  upon  refeeding 
the  spleen  rapidly  (within  J-^  week)  recovered  the  loss  suffered 
during  fasting.  There  is  apparently  an  excessive  (over-com- 
■pensatory)  growth  of  the  spleen  during  the  first  two  weeks  of 
refeeding.  At  the  end  of  the  fourth  week,  however,  and  in  the 
adult  rats  the  spleen  in  the  test  animals  is  not  above  that  of  the 
controls. 

18.  Stomach  and  InUstines  {Table  V.). 

The  weight  of  the  empty  alimentary  tract  at  the  end  of  main- 
tenance was  much  below  the  Wistar  norm  (minus  36.7  to  48.8 
j)er  cent.).     My  data,  however,  are  somewhat  above  the  weights 
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observed  by  Jackson  ('15)  for  the  empty  tract  (in  controls  at 
body  weight  of  25.1  and  42.4  g.).  This  would  indicate  an 
increase  in  the  weight  of  the  tract  during  maintenance,  in  agree- 
ment with  Jackson  ('15). 

On  refeeding,  with  the  exception  of  the  male  refed  four  weeks, 
the  weight  of  the  empty  alimentary  tract  increased  in  relative 
size,  but  remained  below  the  Wiatar  nonn  in  most  cases.  It  was 
higher  in  the  refed  rats  than  in  the  controls  at  the  age  of  16  weeks 
(end  of  fourth  week  of  refeeding).  In  the  adult  rats  the  weight 
of  the  empty  stomach  and  intestines  was  practically  normal  in 
the  test  rats  as  compared  with  the  controls,  although  below  the 
Wistar  norm,  especially  in  the  males. 

The  relative  weight  of  the  stomach  and  intestines  including 
contents  (12.6  per  cent.)  in  the  two  rats  killed  at  the  end  of  nine 
weeks  of  maintenance  averted  close  to  that  observed  by 
Jackson  ('15)  in  rats  held  at  maintenance  for  seven  weeks.  This 
is  slightly  higher  than  the  normal  relative  weight  (10.4  per  cent.) 
at  three  weeks,  the  beginning  of  the  maintenance  period.  In  the 
female  rats  refed  one  week  the  tract  and  contents  formed  16.2 
per  cent,  of  the  body  weight,  as  compared  with  15.4  per  cent, 
noted  by  Jackson  ('13)  for  normal  rats  of  corresponding  body 
weight  (50.4  grams  net).  At  the  end  of  four  weeks  of  refeeding, 
the  relative  weight  of  the  stomach  and  intestines  (13,5  per  cent.) 
for  the  test  rats  was  considerably  above  that  (9.0  per  cent.)  in 
the  controls.  In  the  adult  rats,  the  relative  weight  of  the  tract 
and  contents  for  the  controls  and  test  rats  respectively  was  6.0 
and  6.3  per  cent,  in  the  males,  and  8.5  and  8.8  per  cent,  in  the 
females. 

In  general  therefore  it  may  be  concluded  that  the  stomach  and 
intestines  including  contents  were  heavier  than  normal  for  cor- 
responding body  weight  at  the  end  of  the  fasting  period,  but  were 
practically  normal  at  the  end  of  two  weeks  of  refeeding,  and 
thereafter.  Considerable  allowance  must  be  made  for  individual 
variations,  which  probably  account  for  the  ap[>arent  increase 
at  the  fourth  week  of  refeeding. 

19.  Suprarenal  Glands  {Table  V.). 

The  weight  of  the  suprarenal  glands  in  the  male  and  female 

rats  killed  after  maintenance  for  nine  weeks  exceeded  Donaldson's 
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norm  plus  36.0  and  16.1  per  cent.,  respectively.  The  relative 
weights  of  the  e:lands  (.054  per  cent,  for  the  female  and  .035  per 
cent,  for  the  male)  shows  that  sexual  differentiation  in  weight  had 
appeared.  An  increase  with  sexual  differentiation  in  the  weight 
of  the  suprarenal  glands  in  young  rats  held  at  maintenance  was 
likewise  observed  by  Jackson  ('15). 

Following  refeeding,  the  weight  of  the  suprarenals  was  con- 
stantly below  the  Wistar  norm  to  a  variable  extent  for  the  first 
four  weeks.  In  the  controls  at  sixteen  weeks  of  ^e,  the  supra- 
renals were  slightly  (4.2  per  cent.)  above  the  norm.  This  would 
indicate  that  the  excess  weight  accumulated  by  the  suprarenal 
glands  while  the  body  weight  remained  constant  did  not  persist; 
but  on  the  contrary  the  glands  appear  to  lag  behind  their  normal 
proportions  in  the  growth  of  the  body  upon  refeeding.  It  is  of 
course  barely  possible  that  this  deficiency  in  the  we^ht  of  the 
suprarenals  in  the  refed  rats  may  be  due  to  chance  variations. 

In  the  adult  rats,  the  suprarenals  were  also  below  Donaldson's 
norm,  but  as  compared  with  the  controls  the  glands  were  slightly 
heavier  in  the  test  animals.  The  differences  however  are  small, 
and  probably  not  significant. 

It  may  therefore  be  concluded  that  the  suprarenals,  in  which 
growth  is  persistent  during  maintenance,  lag  behind  upon 
refeeding  and  appear  even  to  drop  below  the  norm.  In  those 
refed  to  the  adult  stage,  however,  there  is  no  marked  difference 
between  test  animals  and  controls. 

20.  Kidneys  (Table  V.). 

The  kidneys  appear  to  be  slightly  below  normal  weight  for 
corresponding  body  length  at  the  end  of  nine  weeks  of  under- 
feeding. The  differences,  however,  are  small  and  probably  not 
significant.  Jackson  ('15)  observed  that  in  rats  held  at  constant 
body  weight  there  was  a  slight  tendency  to  increase  in  the  weight 
of  the  kidneys,  in  the  earlier  weeks,  but  little  or  no  apparent 
difference  later. 

During  the  first  four  weeks  of  refeeding,  in  the  majority  of  cases 
the  kidneys  were  slightly  heavier  than  Donaldson's  nonn.  At 
sixteen  weeks,  the  kidneys  were  23.5  per  cent,  above  the  norm 
in  the  female  refed  rats,  and  15.4  per  cent,  in  the  controls. 
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In  the  adult  rats  the  kidneys  in  both  test  animals  and  controls 
were  close  to  Donaldson's  norm.  It  is  evident  therefore  that  the 
kidneys  were  practically  nonnal  in  weight,  both  at  the  end  of  the 
fasting  period,  and  throughout  the  period  of  refeeding, 

21.  Testes  and  Epididymi  [Table  V.). 

On  account  of  the  small  number  of  obsiervations,  conclusions 
concerning  the  testes  and  epididyni  are  rather  unsatisfactory 
during  the  early  periods  of  refeeding.  As  compared  with 
Donaldson's  norm,  the  testes  appear  to  be  constantly  below 
normal  weight,  especially  at  the  end  of  the  maintenance  period 
(contrary  to  the  observations  of  Jackson).  In  the  adult  rats, 
however,  these  glands  are  practically  normal  as  compared  with 
the  controls. 

The  epididymi  are  not  included  with  the  testes  in  Table  V. 
Their  relative  weight  (.092  per  cent,  of  net  body  weight)  in  the 
male  rat  killed  at  the  end  of  nine  weeks  of  maintenance,  was 
close  to  the  average  given  by  Jackson  ('15)  for  the  normal  at 
three  weeks  (.084  per  cent.)  and  in  rats  held  at  maintenance  for 
seven  weeks  (,080  per  cent.).  At  the  end  of  four  weeks  of  refeed- 
ing the  relative  weight  of  the  epididymi  (.12  per  cent.)  the  net 
body  weight  being  117.4  grams,  appears  to  be  unusually  low. 
In  the  adult  rats  the  relative  weight  of  the  epididymi  averaged 
.27  per  cent,  in  the  conat)ls  and  .21  per  cent,  in  the  test  animals. 

On  account  of  the  great  normal  variability  in  the  weight  of 
both  testis  and  epididymis,  and  the  small  number  of  observations, 
no  conclusions  can  be  drawn  with  any  degree  of  certainty. 
However,  the  evidence  indicates  that  the  testes  and  epididymi 
were  somewhat  below  normal  weight  during  the  early  refeeding 
periods,  but  practically  normal  in  the  adult  animals. 

22.  Ovaries  (Table  V.) 

The  ovaries  were  practically  normal  as  compared  with  Donald- 
son's norm  in  the  female  rat  at  the  end  of  the  underfeeding  period. 
Jackson  ('15)  noted  an  apjjarent  decrease  in  the  weight  of  the 
ovary  during  maintenance. 

On  refeeding,  the  ovaries  were  below  Donaldson's  norm  (minus 
11.6  per  cent.)  at  the  end  of  the  first  half-week,  but  exceeded  it 
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(plus  43.2,  44.5  and  27.9  per  cent.)  at  one,  two,  and  four  weeks 
of  refeeding.  After  four  weeks  of  refeeding  (16  weeks  of  age) 
the  ovaries  were  practically  normal  in  the  controls.  In  the  adult 
rats  the  ovaries  in  both  test  animals  and  controls  were  somewhat 
below  Donaldson's  norm. 

It  therefore  appears  that  the  ovaries  on  refeeding  became 
heavier  than  the  norm  during  the  earlier  periods,  reaching  a 
maximum  excess  weight  during  the  second  week,  and  decreasing 
to  the  norm,  or  below,  before  the  adult  stage  was  reached. 
However,  the  large  amount  of  variability  in  the  normal  weight 
of  the  ovary  (due  to  changes  during  the  sexual  cycles)  makes  any 
definite  conclusions  from  the  available  data  very  difficult  or 
impossible. 

23.  Hypophysis  (Table  V.). 

The  weight  of  the  hypophysis  at  the  end  of  the  fasting  period 
was  14.8  per  cent,  below  Donaldson's  norm  in  the  male  and  9.5 
per  cent,  above  it  in  the  female.  Jackson  ('15)  noted  a  distinct 
tendency  for  the  hypophysis  to  increase  in  weight  in  young 
rats  held  at  maintenance. 

On  refeeding,  the  hypophysis  shows  no  constant  variation 
from  Donaldson's  norm.  At  the  end  of  the  fourth  week  in  the 
test  females  it  was  13.5  per  cent,  above  the  norm,  whereas  the 
controls  were  2.6  per  cent,  above.  The  difference  is  probably 
due  to  normal  variation  and  of  no  special  signilicance. 

In  the  adult  rats  the  hypophysis  weight  in  both  controls  and 
test  animals  shows  considerable  variation  from  the  Wistar  norm, 
being  especially  high  in  the  females. 

The  evidence  therefore  indicates  that  the  hypophysis  was 
practically  normal  in  weight  at  all  times  during  the  process  of 
refeeding. 

24.  Pineal  Body  (Table  V.). 

On  account  of  lack  of  data  for  comparison,  no  conclusions  can 
be  drawn  concerning  the  pineal  body  in  the  rats  killed  at  the  end 
of  the  underfeeding  period,  and  in  those  refed  one  half,  one,  and 
two  weeks.    The  observations  are  recorded  in  Table  V. 

In  the  test  rats  refed  four  weeks  the  gland  was  apparently 
normal,  the  relative  weight  being  .00123  ^^'^  .00111  per  cent. 
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of  the  body  weight  in  the  male  and  females  respectively,  as 
compared  with  .00116  per  cent,  in  the  controls  of  the  same  age. 

In  the  adult  rats,  the  relative  weight  of  the  pineal  body  was 
.00042  per  cent,  in  the  control  males  and  .00050  percent,  in  the 
test  males.  For  the  females,  the  relative  weight  was  .00066 
per  cent,  in  the  controls  and  .00067  P^^*  cent,  in  the  test  animals. 

The  differences  in  relative  weight  between  males  and  females 
are  probably  due  to  the  difference  in  body  weight.  There  is 
no  indication  of  a  sexual  difference  in  animals  of  the  same  body 
weight  (such  as  has  been  found  in  the  suprarenals,  hypophysis 
and  parathyroids),  which  is  in  accord  with  the  conclusion  of 
E.  R.  Hoskins  (at  present  unpublished)  based  upon  data  collected 
in  this  laboratory. 

It  appears  therefore  that  the  pineal  body  was  of  normal 
weight  in  the  rats  refed  four  weeks  and  one  year. 

CONCLUSIOK. 
The  present  experiments  have  shown  that  the  marked  tendency 
of  the  body  as  a  whole  in  young  rats  to  recover  its  weight  after  a 
period  of  maintenance  is  likewise  characteristic  of  the  various 
organs  and  parts.  The  abnormal  proportions  produced  by 
underfeeding  rapidly  disappear  upon  generous  refeeding,  so  that 
practically  the  normal  relations  are  restored  in  most  cases  within 
four  weeks.  This  readjustment  evidently  involves  a  modi- 
fication of  the  growth  curves  of  many  of  the  various  organs  and 
parts  of  the  body  during  the  early  refeeding  periods.  Thus 
those  organs  and  parts  which  lost  weight  during  maintenance 
grow  more  rapidly  than  the  body  as  a  whole,  whereas  those  which 
gained  weight  during  the  maintenance  period  show  a  tendency 
to  lag  behind  until  the  normal  balance  is  restored. 

Summary. 

The  more  important  results  of  the  present  investigation  may 
be  summarized  as  follows: 

The  average  daily  gain  in  weight  of  the  young  rats  refed  after 
being  held  at  constant  body  weight  for  short  repeated  periods 
was  somewhat  higher  than  that  of  the  controls.  This  enabled 
the  test  rats  to  make  up  lost  time  and  to  overtake  the  controls, 
but  not  to  exceed  them  in  body  weight. 
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The  average  daily  loss  in  weight  did  not  increase  in  the  rats 
on  successive  periods  of  severe  fasting,  involving  a  loss  of  25 
per  cent,  of  the  initial  weight. 

The  increment  of  body  weight  upon  refeeding  the  test  rats 
after  each  severe  fast  amounted  to  only  about  16  per  cent,  of  the 
ingested  food  (exclusive  of  water). 

The  amount  of  food  required  daily  for  maintenance  decreased 
during  the  first  fifty  days  of  the  experiment,  but  after  that  time 
apparently  no  further  diminution  occurred. 

The  growth  in  body  weight  of  the  rats  refed  after  maintenance 
for  various  periods  averaged  for  some  time  considerably  higher 
than  the  normal  for  the  (younger)  controls  of  corresponding 
initial  weight.  Thus  the  stunted  rats  were  able  to  overtake 
the  full-fed  controls  in  body  weight  before  the  end  of  the  normal 
growth  period.  No  effect  of  the  stunting  upon  the  ultimate 
body  weight  was  noted. 

As  to  the  body  proportions,  the  relative  weights  of  the  head, 
trunk  and  extremities  remain  practically  normal  during  the 
various  periods  of  refeeding. 

Of  the  systems,  the  musculature  and  "remainder"  continue 
practically  normal  for  corresponding  body  weight  during  the 
various  periods  of  refeeding.  The  integument  rapidly  increases, 
and  the  skeleton  decreases,  in  relative  weight,  so  that  both  reach 
approximately  the  normal  proportions  within  the  first  two  weeks 
of  refeeding  after  maintenance  from  three  to  twelve  weeks  of  ^e. 

The  viscera  which  are  known  to  lose  weight  during  mainte- 
nance— thymus,  spleen,  thyroid,  lungs  and  ovaries — likewise 
apparently  regain  their  normal  relative  weight  within  two  weeks 
after  refeeding.  The  thymus,  and  possibly  the  lungs,  spleen, 
and  ovaries,  are  apparently  even  above  normal  (over-compensa- 
tory growth)  at  four  weeks  of  refeeding,  but  all  are  found  prac- 
tically normal  in  the  rats  refed  to  the  adult  stage. 

The  viscera  whose  weight  remains  nearly  constant  during 
maintenance — brain,  heart,  kidneys,  liver,  and  epididymi — in 
general  present  approximately  normal  proportions  during  the 
process  of  refeeding;  although  the  heart  appears  slightly  above 
normal  and  the  epididymi  somewhat  below. 

The  viscera  whose  weight  increases  during  maintenance — 
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eyeballs,  spinal  cord,  alimentary  canal,  hypophysis,  testes  and 
suprarenals — have  in  general  decreased  in  (relative)  weight  so 
as  to  approach  the  normal  within  the  first  four  weeks  of  refeeding. 
The  testes  and  the  suprarenals  may  even  become  subnormal  in 
weight  during  the  first  four  weeks  of  refeeding,  but  all  are  prac- 
tically normal  in  the  rats  refed  to  the  adult  condition. 

The  pineal  body  was  approximately  normal  in  weight  in  the 
test  rats  refed  four  weeks,  and  in  the  adult  test  animals.  There 
was  no  evidence  of  a  sexual  difference  in  the  weight  of  the  pineal 
body  in  rats  of  corresponding  body  weight. 
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